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CHAPTER I 
HISTORY 
The terma alcaligenes and faecalis were first proposed by 
Petruschlcy (1896) to identity a grail negative organism which he 
isolated trOll a human stool. The organi8Dl produced alkalinity with-
out coagulation in railk, no gas in "sugar" udia, and could be diff-
erentiated .from the somewhat silllilar appearing typhoid bacillus. 
Potato cultures showed a thick brown growth. He considered this 
organi8Dl to be the same as one teolated earlier (Petruschky 1889) 
from spoiled beer. While the reports are not sutfipiently docwaent-
ed, the organi8Dl i8 stated to be IIOtile with peritrichous flagella. 
Prior to Petruschlq"' s second paper, Gunther (18914) had 
described a vibrio-shaped organism exhibiting a p~iology siailar 
to the organi_ described by Pet1"llschky, tho differing in morphology, 
notably 'by a tuft of flagella at both poles. 
Th • .following years saw the use of several variations o.f 
Petruschky's trinomial Bacillus .faecalis alkaligenes. Ba.eteriUlll 
faecalis alcaligenes (Chester 1897), Bacteriura alcal1genes (Petruschky, 
Lehmann and Neumann 1899), Bacillus alcaligenes (Petruschky, l'41gula 
1900) and Vibrio alcaligenes (Lehmann and N8UlII&Dn 1927) were all 
1 
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used to .describe organisms of this type. 
Petruschky (1902) isolated Bacillus faecalis alkaligenes 
fro. rose spots on a patient ~itb typhoid rever. 
Fordts classification of bacteria (1903) recognized a 
distinct group of gram. negative rods, some of which were motUe, 
which had no effect on carbohydrates. The organianas were considered 
to be aerobic since they grew only in t.he open arm of the Smith ter-
aentation tube. An alkaline reaction was usually ~duced in peptone 
media. 
Bergbaus (190S), using a culture ot 3a.cUlus ... t _ae_c_al ....... l_s !!:!-
ali&enes (Petruschlq) obtained from Doebert, found that it actually' 
consisted of two orianisms, one of which 'Was the typhoid bacillus. 
The other organism found by Berghau. was aerobic with polar flagella 
and identified serologica1~ as Bacillus faecalia alkal!ienes. 
These findings accounted for the reports that llacillus faecalis 
alkal!Jenes could change to the typhoid bacillus (Altschuler 19(4), 
and were agglutinated by typhoid antisera (Doebert 190.5). 
Conradi (190» was unable to find any cultures of Bacillus 
faecal is alkal!ienes which had peri trichous flagella. He found 
lBeyen strains to be aerobic and form a pellicle on broth. None of 
the strains had detectable effect on carbohydrates such as dextrose 
and laoto .. , but reduced nitrates to nitrites. He reported one 
cul ture as haying a tuft of polar flagella. 
Joms (1908) could not detect catala.. in Bacteriua 
alkaligenea. 
.3 
Several wrkers reported. the isolation of BacUlu8 faecalis 
alkaligenes fro. spinal. fluid in clinical oa8es of uniDgiti., troa 
awols in food poisoning, and from peritoneal .fluids (S;ynaera 1908 .. 
Ridder 1909, H8lllDl 1910, and Hillenber& and .Bierotte 1910). Little 
in.foraation on the morphologr and physiology of the organisiUs isolat-
ed waa given which lftakes positive identification difficult. 
Using a modified Loeffler flagella staiD, Kuhn_ann (1911) 
demonstrated clearly for the first time, lophotrlchou8 n.6i.gella on 
otherwise typical strains of Bacillus fucalis waligenes isolated 
from stools. 
Hora and Huber (1911) found so_ cultuna of iacUlua 
faecal!. alkaligenes in cattle which were motUe 07 polar fiageUa, 
produce4 no aciQ or gas froll dextrose and lactose, turned litmua whel' 
blue and in senE inl3t.mces produced hydrogen sulfide. 
Baerthlein (1912) and Pollack (1912) studied alk:alipnes-
like organiSms isolated fro. stools of persons wi t.h intestinal dis-
eases. The organisms had polar flagella and a saaewbat curved 
morphology_ They were of maD7 serological types. 
Hirst (1917) tabulated the characteristics of Bacillus 
faecalis alkaltaenes given by various workers. However, too little 
information is given to differentiate them clearly. He did use the 
flagella stain of Nicolle and l'lorax and found that some strains had 
., 
polar fiacella, 2 to 6 in nuaber. These organialU produced an alk-
alinity in carbohydrate media. Indole production and gelatin lique-
taction were negative. Milk was turned alkaline but va. not pepton-
iBad. Hirst also showed that Bacillus faeoalis alkaliLeues was 
present in the stools of $0.8% of dysentery convalescent patients, 
in l7.~ of other ent~ric convalescents but failed to isolate it 
fro. SO normal atools~ 
BaoUlul f.ecalis alkaligenel was isolated from 80_ cases 
of enteric tever by Castellani (1917). He found it to produce an 
alkalinity in carbohydrate media and litmus 'illk.. They were indole 
and Voges Proskauer negative and very aerobic. 
Streeker (1917) observed Bacterium alkaligenes to have a 
curved body .. as had been reported by- earlier workers, and lopho-
trichous tlagella, 1 to 6 in number and often bipolar. Be attempted 
to isolate these organi8lJls fro. normal blood and urine, but was 
UDsuccesatul. 
Ot three cultures ot Bacillus taecalis alkal1§ene~ iso-
lat.ed by Ferry and KIa (1918) .. one strain was reported to have 
polar nagella. Sugars were not attacked, gelatin was not hydrolysed 
and indole was not formed. Potato growth was oolorless and scanty. 
The pat.ient trom whom the polar flagellated organisa was isolated 
was IUfferine froa an intestinal disturbanoe. 
Archibald (1918) isolated an organism from the blood ot 
.. person with enteritis. The organiaa was a gram negative .. aerobic, 
s 
motile bacillus. It elicited an alkaline reaction in the cCllflOn 
carbohy'drate media. Litmus milk turned blue, and nitrates were re-
duced to nitrites. Gelatin was not attacked and indole and , P 
test.s were negative. The nature of the flagellation was not stated. 
Essentially the sanie reactions as reported by Archibald 
were reported b7 Webster (1919) for cultures isolated from the blood 
of 3 infants with enteritis. 
Braun and calm-Bronner (1921) found that Alkaligenes 
taecalis could grow aerobically with amm.oniUlll lactate as the source 
of carbon and nitrogen. Sulfate aided growth, and sodium or potaS8-
ita chloride was essential. for growth. However .. very little data 
wu given to identity the organiBms. 
Stitzer (1922) reported the isolation of 14 cultures fro. 
several sources. They had a vibrio-like morphology and the ~siolog­
ical characteristics ot ~~ faecali. alkaligenes. They did not 
agglutinate with cholera antiserum. 
Another vibrio-shaped organi_, Vibrio p!rcolana (n. ap.) .. 
was isolated from. hay by Mudd and irlarren (1923). It was described 
as actively JIlOt.ile with a single polar fiage1lwa. The organi8Bl was 
aerobic and Without action on carbohydrates. Gelatin waS not 
attacked nor were nitrates reduced. No change occurred 1n litmus 
milk. 
Dudgeon (1926) found BacUlus laecalis alkaligenes to be 
an inhabitant of the norul intest.ine. 
--
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• The generic term Alkaligenes was first proposed by Weldin 
(1927) wit.h the type species Alkal!genes fecalis. 
Recognizing that there existed a group of organisms whick 
produced alkali in carbohydrate media, had polar nagella and aome-
times appeared to be curved rods, Lehmann and tleumann (1927) suggest-
ed the tara Vibrio alkaligenes (.i.)etr'.J,scbky) Lehmann and Heumann. 
Tbis epithet was to include those or"anism.s previously known a.a 
Bacillus faecali. alkallgenes and Bacterium alkaliienes, and any 
others described by the above characteristics. 
Paeudomonas dachunae (n. Bp.) and Vibrio cuneata (n. sp.) 
were applied to t1lO organislU isolated by Urq and Thornton (1928). 
These organisms had 1 to 6 polar lophotrichous flagella, and did not 
produce acid froa carbohydrates nor reduce nitrates to nitrites. 
Honiaa (1928) separated Baclllus faooalis alkal4enes into 
two groups J one having peri trichous flagella and fermeIlt1n& carbo-
b;rdrates, the ot.ber polar fiagella. and not fementing carbohydrates. 
Ryt,i (19.30) auead substantially with 1-1onias. 
Baoillus faecalis alkaligenes was isolated from t.be perito-
neal fluid of two pat.ients with peritonitis by SloboziaDo and Iiaste 
(1931). This organiSft was graB negative, Dotile, turned litmus 
milk alkaline, and did not a-t;tack any of several carboh¥drates. 
Fourty eight serologically sjmj)ar strains of Bacillus 
fecalia alkaligenes were isolated from. the blood of patients with 
ByJIlptou of typhoid fever by Aabelow and Hostowa (1931). They were 
1 
gra neaative aotUe rods. They did not attack carbohydrate. and 
litmus milk was turned alkaline. Indole was not produced and b74rol-
yais of gelatin did not occur. Moreover, they appeared to be serolog-
ically distinct !roa 9 similar straina isolated from water. 
Alkaligenes .faecali. isolated from spinal fluid by Sprq 
and Ha~~ (l934) was considered the etiological agent of a fatal menin-
gitis. The organism was described as a gra negative motile red, 
producing alkalinity in carbohydrate Jl8dia and litmus milk. Nitrate 
and hydrogen sulfide reactions were negative. 
Leifson (1935) proposed that only organisms having polar 
n~ella be :included in the genus 'uca1ijenes. 
Nyberg (1935) studied a lartSe number of strains of Bacteria 
-.lkal!ienes. He divided them into three groups. His group B consisted 
or 11 strains, 3 from sewage and 8 trOll stools of patients with 
t,rphoid and paratyphoid levers. They were described as motile, 
curved rods producing alkalinity in dextrose medium. Flagella were 
3 to 4 in number and of the lophotrichous t.:fP8. Nyberg preferred 
the tem Vibrio alkal=!.g£MS (Lehmann and Neuraann) to Alkalijenes 
faecalis because of the morphology of some of the cells. 
Conn,iJolte and Ford (1940) studied 22 cult.ures of g-
caliganes faecalie. They found tiles t of' them to correspond to 
Petruechky's description of flacillus faec.alis alkaligenes. The;y 
had peritrichous flagella, no action on carbohydrates, and turned 
11 traus milk alkaline. They objected to the use of flagellation as 
8 
a detinftive characteristic of the genus Alcaligenes. 
Conn (1942a) recognized that ) types of organislllS were 
COIIlI1on1y distributed as Alcaligenes faecalis. une of these types 
had. lophotrichous flagella. He stated (1942b) th""t they obviously 
belonged elsewhere in the taxonomic scheme, tho physiolo~ic~ 
they were s1a1lar to the other tY!Jes. 
Leifson (1942) was in aL'Teement with Conn as to plac ing 
the organiSMs havir~ lophotrichous flagella elsewhere in the tax-
onoadc scheme. 
In 1945, Al temeier reported that Bacillus alkwjaenes 
laecalis was very sensitive to penicillin. However, Fulton, 
Lanktord and Chilton (1946) found tiheir cultureD of Alkaligeues to 
be ver.y resistant to this antibiotic. 
Szturm and Bourbon (1948) found some of their cultures of 
Bacterium alcali£enes faecali& to have lophotrichous flagella. They 
were gram negative, motile, aerobic rods which did not attack car-
bohydrate8 and turned litillU.S milk alkaline. Gelatin, hydrogen 
sulfide, indole, methyl red and Voges rroskauer were all ne~ative. 
Bassler and Peters (1949) .found Alcaligenes to be present. 
in ~ ot normal stools, but higher in stools from individuals with 
intestinal inflammation. 
Vibrio alkaligenes was isolated from an a.bscess by Severi 
(1949). He found th:ts organiSll\ to be a gram negative lllotile rod 
with a curved morphology and a tuft of polar tlage11.. It was 
aerobic with pellicle tormation and produced alkali in carbohydrate 
_dia and litaw.a milk. Nitrates were reduced to nitrites. Gelatin 
va. not attacked, but bydrogen sulfide va. produced. 
Antibiotic studies bT Carroll, men and npm (1949), 
and CorteT, Schwab and Erlicb (1950) showed. that Alcaligenes were 
, ., 
rather resistant to StreptoJI)"Cin, AureOlQ'Cin, and Cblol"CllTCetin. 
No data on the ph7aioloU or morpholo87 01' the organisms taeT \~ ;,''''...:. 
JUke. it d.if'ticult to asoertain ju.t what theT were. 
Leitaon (l9Sl) 1hdted the term lophotrichons t" ;101ar 
nacella bavin, only' one or two CurTes. Those organiaJas havin& polar 
flagella (more than 1) with more than 2 curve. he designated polar 
auJ. titncbous. Several excellent photomicrographs were presented. 
.bow1ng clearq the lophotrichous flagella of Alcaligene. !2. and 
Sp:1rUl_ !i.. 
ftrek (19S2a) conducted a detailed study of 60 cultures ot 
llcaliaene. which she isolated from stools and water. ot theM, 9 
cul tures were reported to be lophotrichou,. As no tables ot reactiona 
on various media were given tor individual cultures, it i. difficult 
to a8C8nain the exact physiology ot these 9 cuI tures. However, in 
general, theT tormed a pellicle in broth, utilised Citrate, were 
oxidase positi .. , reduced nitrates to nitrites, produced bJdrogen 
sulfide and. did not reduce potassium tellurite. They were V P 
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Degatift, and negative aD dextrose, lactose, sucrose and maltose. 
The saM worker (Ttl.rok 19)~) prepared antisera ot several 
types for 11 ot the 60 cultures. It was found that the organism.s 
_re serolocicall.T heterogeneous, tho there was some crossin&, . 
iD41cat.inc that. there exi.sted serological relationships. Three of 
her cultures aaglutinated only in t.he homologous antisera. Usine 
organ1.8 which ahe ident.l£ied as sapr-ophTtic Tibrios as antigens, 
8be found eo.e relationship with Alkaligenes. 
Using a semi-solid medium. they devised, Hugh and Le1fson 
(19$3) dist.inguished bet.ween oxidation and fermentation ot carbo-
bJdrate8 b7 bacteria. The detection ot the latter was accomplished 
b7 over1ayina the inoculated 8emi-solid Mdium with sterile pet-
rolatwa, thus excluding air, while the tube used to detect oxidat.ion 
was not overlaid allowing the atm.ospheric oxygen to be in cont.act 
with the surface of the medium. By this method, the members ot t.he 
genus Ucal WDe8 were found to be non-oxidative and non-ferment.atiTe 
whereas organi_s olos~ related and difficult to distinguish, 
BUch as Pseudomonas, Chromobacterium and !Srobaeteriua oxidized t.he 
carbohydrates. The Alcaligenes were sharply delineated froa the 
the typical Enterobacteriaceae which are true fermenters. 
In an extensive study of the genua Alcaligenes and related 
organisms, Huah (19$3) proposed the bino:n1al Lophobacter taecalls 
(gen. et ape nov.) to designate all gram negative, non-oxidizing, 
lophotrichou. rods. 
In addition to the history presented here, there are 
numerous reports in the literature ot i.olation ot Alcal;i.gene. 
u 
1'r0lll a variety ot clinical conditions. In most in.tances, so little 
intormation is given on the morphology and piqs1ol0gy of the organi.s 
that it is impossible to identity thea positlve,q as lllemberB ot 
the genus Alcaligenes. 
CRAPrER II 
METHODS AND MATERIALS 
The cultures used in this study were obtained froa the 
following sources. Cultures 1 thru. 12 were in stock in our lab-
oratories. Cultures 1) thru 2l were part of approximately 180 cul-
tures received from the Enteric Laboratory of the Illinois Department 
of Public Health Laboratories, Chicago, illinois. These cultures 
were among theilon-lactose fermentint; types isolated in that lab-
oratory in routine work. Cultures 1) - 21 were screened by s1ireald.n& 
on Desoxycholate Dextrose agar and incubating the plates overnite at 
)OOC. Colonies appearing colorless or vhi te on the medium were 
picked to broth. 1i"rom this broth culture, two tubes each of dextrose, 
lactose ani sucrose lrr"ere inoculated by stabbing into the butt of the 
medilJDl. One tube of each pair was overlaid with a layer of sterile 
petrolatum, about t inch thick. and the tube. incubated overnite 
at lO0e. Flagella stains were made ot the broth cultures. Those 
showing typical lophotrichous nagalla, as shown in figures 1 and 
2 and turning the open tubes alkaline, but showin.g no growth in the 
petrolatum-sealed tubes, were retained for turther studT. 
M~ samples ot water vere examined in the same manner tor 
12 
13 
organi_ of this t.ype. Cul t.ures 2) and 24 were thus obtained. Two 
cultures were isolated from stoolsJ 22 fra. a pat.ient. in Cook Coun~ 
Hospital whose clinical condition was not described, _ d cul tun 2S 
trom a s.,ol considered to be normal. 
Ten samples of blood and stools which contained pathogenic 
salaonellas vere plated on Desoxycholate Dextrose agar and e.xuined 
tor the presence ot lophotrichous organi ... as above, but none were 
found. 
The culture. used in this IItudy were maintained in stock 
in a HIli-solid _dium. having the followina coapo.1tionl 
Casitone o.S. 
least Extract O.3~ 
Agar o.S~ 
pH 6.8-7.0 
Thi. medium was dispensed in tube. 13 X 100 mil, approxiaately 4 ml 
per tube, and autoclaved at. 121°C. for 15 minutes. The tubes were 
inoculat.ed with a stra~ht wire by stabbing the agar to the bottoa. 
They were incubat.ed for 48 hours at "jC/>C., after which, they were 
placed in the refridgerat.or at 4°C. Transfers of these stock cultures 
were made at monthly intervals. 
Prior t.o inoculating t.hese cult.ures to other media, a small 
amount of. inoculum was transferred to broth containing: 
Casit.one O.S~ 
least Extract 0.3% 
HaCl O.S% 
pi 6.8-7.0 
This me4iW'll was dispe need in .3 ml mounts in 13 X 100 mil tubes and 
autoclaved as above. This medium gave good growth of the organisms 
in 18 to 24 hours and was used to inoculate other media. 
The basal. medium. for carbohydrate studies had the following 
ccapositionI 
Casitone O.S% 
Agar O.h% 
Bra. Thymol Blue 0.02S% 
pH 6.9-7.0 
This medium was autoc1aved at 121°0. for IS minutes after which • 
10% solution of the carbohydrate, sterilized b1 Seitz filtration, 
was added aseptical17 to a final. concentration ot 1%. The cOllpleted 
media was tubed aseptically in It. 1IIl. amounts in sterUe 1.3 X 100 _ 
tubes. The completed media were incubated overnite at lO0e. to cbeok 
sterility. The tubes were inoculated with a strai&ht wi.re trOll broth 
cultures, stabbing the medium to the bottom. 
'lhe medium used for the growth of organisms for the indole 
test was a 1% solution of Bacto-Tryptone at pH 6.9, .3 ml per tube. 
o The tubes were autoclaved at 121 O. for IS DJ.1nutes. After inoculation 
with a loop of broth culture, the tubes were incubated L8 hours at 
3O·C. after which .3 or 4 drops of Kovac' 8 Reagent were added to each 
tube. The formation of a red color constituted a positive test. 
The _thyl red test was perforlled b7 the addition of 
several drops of metbyl red indicator solution to .5 day old cultures 
of the organisms in a broth consisting Ofl 
Casitone 1.0% 
Dextrose 0.,% 
1aBPO. o.~ 
maPa. 0.3$ 
pJI 7.1 
The medium was dispensed in :3 ml amounts in 13 I 100 _ tube. ani 
autoclaved tor 15 minutt)s at 121°C. Inoculation was IlI8.de by a loop 
troa broth ow. turea. 
'1'lMt Voges-Pl'Owuer test was carried out in another tube 
ot the S8JQ8 medium as for the methyl red test, except that only 1.0 
ml of medium was dispensed in each tube. Atter 48 hours incubation, 
a drop ot 2% FeC4 and It ml ot 10% NaOH were added to each tube. 
The appearance of a red-brown color lndicated a positive test. 
Utilizatiun of citrate was detected by inoculating slants 
of Bacto-S1lamons Citrate Agar with the organisms and incubating for 
48 bours after which time tubes showing a bll.le color in the agar 
were considered PQsitive. The tubes were inoculated with a straight 
wire trom broth cultures by stroking the surface of the asar. 
Koser's Citrate broth vas prepared b7 dissolving Bacto-
Koser's Citrate l'-1ediUl'll in distilled w;.cter md dispensing l ml. amounts 
in 13 I 100 llllll tUbes. Tubes were autoclaved at 121°C. tor 15 1I1.inutef .• 
They were inoculC'.ted by a straight wire from the surface growth of 
stock cultures. Tutes were incubated at )O·C. and inspected for 
growth d •. 'ly for 3 days. Growth in the mediUl'l1 indicated that the 
organiSMs were able to utilize citrate as a 601e source of carbon. 
16 
Two media were used to determine urease activity. Urea 
broth was prepared by adding 10 ml of Bacto-Urea Broth Concentrate 
to 90 ml of cold, sterile distilled water and dispensing aseptica~ 
into sterile 13 X 100 1111 test t.ubes, 3 ml per tube. Inoculum con-
sisted of a loop of broth culture. 'l'ubes were incubated at )(Joe. 
III d inspected after 24 and 48 hours. Tubes showing a red color were 
considered urease positivs. 
Christensen urea agar (19.46) has the following composition. 
Casitone 
Nae1 
lHaPO .. 
Agar 
Dextrose 
Urea 
Phenol Red 
pH 6.9 
• All ingredients except the urea were dissolved and autoclaved at 121 C. 
for IS Illinutes. TwenV percent urea solution, sterilized by Seitz 
filtration, was added to a final concentration ot 2.0,. The madi .... 
was tubed in 4 ml amouni#8 in 13 X 100 _ tubes and slanted betore 
solidification to give a thick butt and short slant. 'Cultures wre 
inoculated fran broth as With the citrate slants. They were incubated 
at 30°C. and observed daily for 5 days for change in the color of the 
mediwa. Cultures showing a red color were considered positive far 
urease. 
Reduction of nitrates to nitrites was determined by use of 
11 
.-
the tollowing medias 
Casitone O.>~ 
RaNOa O.s% 
pi 1.0 
Three III ot the medium are dispensed into 13 X 100 DIm tubes to 
which were adeled IlIall inverted glas. viala. The tubes were auto-
claved at In ·C. tar IS minutes. They were inoculated with a loop 
ot eulture and incubated at lOoe. tor 48 hours. At this time, nitrites 
were tested tor by the addition of 3 drops each ot these two reagents. 
A. SulphanUic acid 
SH A.cetic acid 
4.0 gu. 
SOO.O ti. 
B. a-naptbyluine acetate 2. S gillS. 
S! Acetic acid )00.0 ml. 
The formation of a red color indicated that nitrites were present. 
Ga. formation was indicated by displace.ent ot the liquid in the 
inverted vials. In cases where there was a negative nitrite test, 
l1n d no gas formed, a small amount of metallic zinc dust was added 
to reduce aQ1 nitrates present giVing a positive nitrite test and 
assuring that the nitrate had not been com.pletely utilized and not 
detected. 
The medium used to demonstrate hydrolysiS of gelatin was 
that of Stone (193S). Bacto-Stane Gelatin Agar was dissolved in 
vat.er and tubed in 2 ml am,aunts in 13 X 100 _ tubes. The tubes 
were autoclaved at 121 ·C. for 1$ minute. and allowed to cool in a 
slanting position. Inoculation was made with a loop pt culture 
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streaked on t.he surtace ot the sl.ant. Tubes were incubated at )0°0• 
Atter 48 hours, the slant was covered with saturated (NB.>.SO. and 
allowed to stand at room temperature tor approximately 1 hour. At 
that time, tubes shewing no change in the medium were considered 
poeitive and tubes showing a whitening ot the medium, negative. 
Three media were used to determine H.S production. Baeto-
nigler Iron Agar was diesol ved in water and dispensed in 4 Ill. 
.. ounte in 13 I 100 .. tubes. 'l'be tubes were autoclavecl as uaual 
and cooled in a slanting position to give a large butt and short 
slant. A straight wire was u.sed to inoculate the organisms fro. 
broth by stabbing the butt and stroking the slant. 
A eai-solid lead acetate agar was prepared as tolloval 
Casitone 0.$% 
Yeast Extract 0.3% 
Lead Acetate 0.>% 
Agar O.S% 
pa 7.0 
the ingredients 'Were dissolved and tubed in ) lIl. IMounts in 1) X 
100 DR tubes and autoclayed. After solidification, the medium vas 
inoculated with a stra1.g~ wire trom a broth culture b7 stabbing to 
the bottom ot the tube. The tubes were then incubated at )O°e. and 
observed dail7 for S days tor production ot laS as indicated by a 
blackenin& t4 the medium due to the tormation ot PbS. 
The t.h1.rd. mec:iiUII tor the H.S test vas broth coapo.ed. otl 
Caeitone 
Yeast Ext.ract 
... S.O. 
pH 7.0 
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The ingredients were dissolved, tubed in 3 1Tll. amounts and autoelaved 
aa usual. Strips of filter paper measuring about S I 40 JIIID.. were 
soaked in saturated lead acetate solution for 30 minutes. The strips 
o 
were then transterred to a petri plate and autoclaved at 121 C. for 
lS minutes, after which the petri plate was placed in a de6sicator 
until the strips wre dry. Aft€r inoculating the medium with It loop 
ot broth culture, a puce of the lead acetate paper was placed along-
side the cotton plug so t:.lul.t about one-halt of the strip was inside 
the tube above tbF. bJ"'Oth. The tubes were incubated at )a°C. and 
observed d~ tor S days tor any blackeninl of the paper indicatlnl 
the presence ot HaS. A tube of uninoculated broth wi. th the lead 
acetate paper strip was mcuba ted with the rest of the tubes and 
served as a control on the mediUlli and the presence or HaS in the 
atmosphere. 
The media used for the demonatration of pigment production 
included a pOtato mediUf., Loafner's sel'Ulll agar, and a broth lII.M1Ul1l. 
The potato medium. was prepared a8 described b7 Henriei (1939). 
A large potato was peeled and cylinders cut out with a cork borer. 
Theae cylinders were then cut diagonally to form slants and the 
piece. washed in runn1.o.g tap water for 4 hours. They were allowed 
to remain in :iistilled water oYernite at 4°c. Then they were put in 
tubes, slant side up, over a Slll8ll piece of cotton vet with distilled 
water, the tubes plugged with cotton, and auto.laved a.s usual. 
Duplicate tubes were inoculated by strOking the slant with a loop 
ot brotJi culture. One tube was incubated at room temperature 
(22 - 24·0.) and the other in the incubator at lO0e. They- were 
observed daily for 5 days for ?igment production. 
Laefner's serum medium. was prepared in the tollowing l11alll'ler. 
One part ot 1% dextrose in Dileo Nutrient Broth was lldxed with ) parts 
ot sterile human blood serum. This mixture was tubed in J ml. amounts. 
Sterilization vas effected by placing the tubes in a rack and slant-
ing the rack in a water bath at eS-c. tor one hour. The water bath 
was then shut oft and the tubes allowed to cool in the bath to rOOll 
temperature. They were then placed in the incubator at ~oC. overnlte. 
!his process ,,,as repeated the two following days. Tubes were inoculated 
by stroking the surface of the slant with a loop of broth culture. 
As with the potato medium, two tubes of each culture were inoculated 
and one was incubated at rool'll temperature and the other at 30°0. 
They were examined dally for 5 dqs for pigment. 
The broth used was d.evised by LoUson (1953) and includesJ 
Casitone 0.5% 
Yeast Extract 0.)% 
MnSO .. -WI.O (Pink) 0.1% 
'.UFO.. 0.1% 
pH 7.2 
The ingredients were dissolved and tubed in 3 JI.l.. amounts in 1) X 100 -. 
tubes and autoclaved at 121oe. tor 15 minutes. 'two tubes of this mediua 
were inoculated with a loop of the culture. One tube of each pair was 
incubated at room temperature and one at )D°O. Again, observations 
were made dail,-. for S days, to note pigDlent production. 
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Litmus milk was prepared by dissolving lO.S% Bacto-Litaus 
!<t1lk in water and dispensing in .3 111. amounts in 13 I 100 1I!lll. tubes. 
The tubes were sterilized by the intermittent method as for Loeffler's 
mediUll. 'fhe tubes were inoculated with a loop of broth culture and 
incubated at )DOC. for S days. 
Blood agar for the detection of hemolysis was made by 
combining and dissolving. 
Casitone 
HaCI 
Agar 
This was sterilized in the autoclave, cooled to 4SOC. and S% sterile 
blood added aseptically-. The ffledium was tubed aseptically in IS ml. 
amounts and placed in a water bath at ~C. to keep the medium liquid. 
Inoculum for each tube was one loop of a dilute broth suspension, the 
tube shaken to mix, and the mixture poured aseptically into a sterile 
petri plate. Plates were incubated at 30°C. for :3 dqa, inspectinl 
dally for hemolysis. 
The oxidase reaction was elicited by growing the organis .. 
on plates of Casaan MediUlll Base. To prepare the platea, Bacto ... Casun 
Medium Base was dissolved in water and autoclaved at 121°C. for IS 
minutes. The 'lledium was then poured aseptically into sterile petri 
plates, about 15 ml. per plate. After the plates had solidified, 
they were inoculated with a loop of each of 5 bacterial suspensions, 
placing theM in a cirele about t inch from the periphery of the 
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plate. ·The plates were incubated at lO0e. for 48 hours. A few drops 
ot 1. aqueous p-ardnod1lletbylanal1n oxalate were dropped on each 
colony. The appearance of the colony changing from white to pink 
to brown and black intlicated a positive oxidase reaction .. 
The test for catalase was accomplished by the addition of 
0.1 ml. ot HaO. to 1.0 ml. of broth oulture of the organisms. The 
appearance of gas bubbles in the medium immediately, or on standing 
several minutes. indicated the presence 01' cc;.ta].ase. 
The ability of the organisms 'to u'tillze niiirates in place 
ot oxygen was teated in the following media' 
Casitone 0.5% 
laNa. 0.1. 
Agar O.S% 
pH 7.0 
The ingredients were dissolTed and dispensed in 3 ml. amounts in 13 
I 100 11m. tubes which were then autoclaved as usual. The tubes were 
inoculated 1n duplicate from a broth culture by stabbing to the 
bottom with a straight wire. One tube of each pair thus prepared was 
overlaid with sterile petrolatum as for carbohydrates. All tubes Wf>re 
incubated at 30°C. and growth noted at 24 and 48 hours. 
Desoxycholate Dextrose ~gar vas used in the screening 
procedures. It is essentially the same as that of Leifson (1935) 
except that dextrose vas sutstituted for lactose. 
Casitone 1.OS 
Dextro~ 0.5% 
Ifa De80:QTeholate 0.1. 
NaCl 0.,% 
1.HPO. O.~ 
rente CitrateO.1% 
Sodium CitrateO.l~ 
Agar 1.5% 
Neutral Red 0.00,)% 
2) 
The components were dissolved, brought to a boil and poured into 
sterile petri plates, about 15 rill. per plate. The solidified plates 
were straked and incubated at JOoe. Arter 24 hours, white or color-
less colonies were picked to broth. 
Antibiotic sen:.:;itivity studiel':i wero made on Bacto-Penassay-
Base Agar. The prepared po\lder waa dissolved in water with heat 
and distributed in 15 Ill. 8lIt.OlUlts in 18 X 1,0 mm. tubes. The tllbes 
were autociaved and on cooling to 45°e. were inoculated with a loop 
ot culture, lllixed" and poured into sterile petri plates. After the 
agar had become solid, antibiotic discs ot various kinds and concen-
trations wre p.Laced on the surtace of the agar, 5 discs per plate. 
Plates vere incubated at )O°C. tor 24 hours. Zon.s of inhibition 
were indicated by clear ared' surrounding the disc.. These zones 
were measured by means ot a Fisher-Lilly Zone Reader. Antibiotic 
tiscs were obta.l.ned frOll. National Bio-'rest, Inc. I 0Iaaba, Nebraska 
(Desi-Discs) and fro. Dileo Laboratories, Detroit, Michigan (Bacto-
Sensitivity Discs).' 
fhe grail stain solutions used were prepared according to 
Fulton (1949). 
I AmnlOniua oxalate, Crystal Violet 
Solution A 
Crystal Violet (90% dye content) 
Ethyl alcohol (95%) 
Solution B 
MlOOnitll'U oxalate 
Distilled water 
J.O gu. 
20.0 Ill. 
O~8ps. 
80.0Ial. 
Incubate solution A overn1te and fllter. For 
use, one part solution A is !l).i::ed with 4 :yarts 
of solution B. 
II Kopaloff and Beerman's Iod.ine solution (aodii'led). 
Dissolve 4 ~s. of NaQH in about 10 Ill. of 
distilled water. Add 20 gas. of iodine and 
el.owly and with stirring, dilute to 1 liter, 
with distilled water. Incubate overnite and 
it is rea~ for use. 
In Decolorizera acetone - ethyl alcohol (9S%), equal 
parts. 
IV Counterstain 
Prepare a 2i% aleo*olle (95% ethanol) solution 
ot certified Safranin o. Incubate overnite and 
filter. F'or use, dilute 1 part. of the above 
stock with 9 parts of distilled water. 
Staining procedure c~81sted of placing a loop of a broth 
culture on a alide, drying in air and fixing by- heat. The solutions 
listed above were each poured ov rer the smeAr, allowed to remain ) - 7 
seconds and rinsed off in tap water. Cells staining purple or violet 
were considered grllJll positive and cells staining red, gram negative. 
Flagella were stained aecordL"lg to the method of Leifson (1942) 
.odified by Leif80n (1951). The stain was prepared by mixing equal 
parts of (1) a solution of 0.6% pararosanalin acetate and 0.6% para-
2S 
rosanal1r.t bTdroohloride in 9S% ethanol, (2) a ,. aqueous solution ot 
tannic acid, and () a 1.5% aqueous solution of HaCl. Atter mixing, 
the stain was stored in the retrigerator at "oC. ..en not in use. 
Bacterial suspensions were prepared tor flagella staining by 
wuhing JOuac (18-24 hours) broth cultures. Wa8hing was accQDlpliahed 
by cen"trih&in& the broth oultures 'to sed.illent the bacteria. The 
auptrnatant broth was poured away and distilled vater added to the 
tube, ahaken to disperse the cel18, and centrifuged again. This 
process vas repeated once more am a final suspension was made in 
disW1e4 water. Density ot the suspensions Taried, bu.t best results 
... re obtained when the suspellsion in a tube was bare17 turbid to the 
naked ..,... 
lew a1.1des were chemicall,- cleaned in potassium dichroll8.te-
aulturio ao14 cleaning solution. This pt'Ooes8 IUT be cODsicierablT 
hastened bT maintaining the solution at 8O·C. to as-c. oTemite. 
A.tter aleaninc, they were rinsed 8everal tilles in tap water, and given 
a final rinse in distilled vater. The slides were then allowed to dr,y 
in air md stored in a dust-tree box until used. 
To prepare the slides for staining, one side ot the slide 
vas heated in a colorle.. tlame ot a 'isher burner and allowed to 
cool. When cool, a bacterial suspension, one large loop, was placed 
on the end ot the slide and allowed to run down the at ide. The SDlear 
thus prepared was dried in air. Exactly 1.0 ml. ot stain was flooded 
on the dried aear and allowed to remain tor 7 - 9 minutes, atter which 
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the stain was flooded off the slide with thpwater and the sLide 
dried in air. 
Antigens were prepared by plating organisms in semi-solid 
agar plates and picking the organisms from the periphery of the large 
motile colonies to a tube of -broth. Motile colonies are those showing 
a very large diffuse gro~~ on semi-solid agar. Flagella stains were 
made at the organisms from broth and tubes of dextrose, lactose and 
sucrose were inoculated to .Ulsure their identity. 
These identified organiSMS were inoculated into 16 oz. 
screw cap bottle' containing 60 Ill. of nutrient agar which had been 
allowed to solidif.1 on the side ot the bottle, giving a relatively 
large surface &rea on which to grow the organisms. Two to three Ill. 
of the broth culture were poured over the surface of the agar and the 
excns pipetted off. Sterile cotton plugs were used to replace the 
screw caps. The cultures were incubated for 48 hours at )O°e. after 
which about 10 ml.. of sterile saline was pipetted into each bottle, 
the bottles agitated to locsen the cells, and the suspension poured 
off into large tubes. The suspension was washed by centrifugation, 
filtered through cheese cloth and diluted with sterile saline to 
match a nWllber 3I-icFarland tube, about 1 billion ceU. per ml. These 
antigens were then used to ~nunize the rabbits as described below. 
In preparing the antigens for agglutinations, the same 
prooedure was used as for immunizing antigens. However, to the 
r 
27 
antigen. to be used tor na,ellar (H) agglutina tioD, cOlBJIlercial 38. 
to1".ll&ldehyde was added to a tinal concentration of 0.,.. The antigens 
to be used tor somatic (0) agglutinations were boiled by immersing 
the bottle in boiling water tor 2 hours to destroy the flagella and. 
the flagellar antigens. 
Antisera were prepared. in rabbits. Ani.ls ot both sexes 
WBighina approximately 2.) ~ .3 kg. were used. Before inoculation, 
each aniaal was bled .from an ear vein, about 10 1Ill., the blood allowed 
to clot and the serwa reaoved and kept as a control seI'UDl for natural1.7 
occuring antibodies to the test antigen. Having ascertained the 
absence of specific antibody, the animal was immunized. by injection of 
the antigen into an ear vein on al temate days. Twenty five hundredths 
1Il. ot antigen were injected on injectionano. 1 and 2, o.s 1Dl. on 
iDjections no • .3 and h, and 1.0 Id. on injections no. S and 6. After 
a one week interval, 15 Ill. of heart blood were withdrawn aseptically, 
the blood allowed to clot and the serma pipetted oft. Serial dilutions 
1dO, 1:40, 1.80 etc. thru 1.10,240 ot the serum were made in saline. 
To each tube, O.S 181. of the homologous H antigen was aclded, the tube 
shaken to mix, and all tubes incubated in the water bath at S2DC. for 
2 hours. Tubes were then read by macroscopic examination to <letenUne 
the titre of the serwa. When the H titre reached 11)120, the animala 
were bled traa the heart until dead. The SeruDl was treated as before 
and stored in the frozen state at _20°,. For heterologous agglutinationa 
the sera were diluted as above and the appropriate antigens added. 
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• All agglutinations were incubated in a water bath at 5,oc. 
for 2 boura for H agglutination, and SfJC. for 4 hours followed by' 
CI 37 C. overnit. for 0 agcl.utination. 
Tubes were read with a conca .... mirror to magnify the material 
in the tubes. Complete agglutination was recorded as 4 plus and lesser 
degrees u ), 2 and 1 plus accordingly. Tubes showing no agglutination 
were recorded as minus. 
Attempts to isolate bacteriophages for the lophotrichous 
organisms were llade by two methods. 
The first method consisted of pouring plates of nutrient 
agar and allowing them to sol1dif'l'. 'Ihen solid, broth cultures "ere 
flooded over the plates to give a uniform inoculua. Excess culture 
vas pipetted off and the plates incubated for 4 hours at )0°0• At 
that tille, the surface waS dry. The plaus were marked off into 
several sectors and in each sector was placed a loop of another broth 
culture J the procedure was repeated until all possible cOllbinations of 
heterologous cultures were reprE'sented. The plates were then ineubatecl 
at )OPO. overnite and inspected for clear areas ("plaques") in the 
areas of the two growing cultures. 
The second method consisted of passing :3 ml. of each of the 
cultures in broth through a sterile Seitz fUter, pooling the filtrates. 
Five tenths ml. of this pooled filtrate was added to 3 rnl. broth cult-
ures, previously incubated at JOoC. for 4 hOUTS. The resulting 
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mixtures were then incubated overnite at JOPe. and examined for clear 
tubes the following day. As no tubes were clear, the cultures were 
again filttred and the filtrate added as before. This process was 
repeated one more t~ne with negative results. 
Figure 1. 
Figure 2. 
", 
Photomicrograph of a cell of Lo~na. 
alealigenes (gen. nov.) ahow1nc aiia 
With two cums and slightly cuned cell. 
Le1fson nagella stain, X 3000. 
Phot.oBticrograph of two cells of Lopbomonas 
ilcali,anes (,an. nov.) showing hageiia with 
oiili one curve. LeUson tlaplla stain, 
X )000 
CHAPTER III 
ElPDlMENTAL DATA 
Photomicrographs of bacteria vith lophotrichoU8 naa.ua. 
rigure 1 
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TABLI. I 
SOURCE AND DATA ON CULTURES 
10. Source other nata 
1 Stool lultoR No. $)9, Salaonella in stool. 
2 Stool J'ulton No. 2WI$, pediatno diarrhea nool. 
) Stool Fulton 10. ]046 
" 
Water hlwn No. 2666, _11 vater. 
S Stool hlton No. 2120 
6 aWol Nt. S1Da:L Hoapit,al (Chicaco) 10. k444 
1 Stool !ft. Sinai Hospital (Chicago) lfo. 1&519 
8 Stool n1. Pub. nth. 10. lOO9lSSU 
9 Blood nl. Pub. ID.th. No. l09S8BCl 
10 lCTe 10. 1347 
11 Hq Variant ot ATCC No. 8461 isolated b7 I.. Buch. 
U AbdoMn J'ulton No. 2181, abdoldMl ewab. 
1) Blood Ill. Pub. nth. 10. .38lBC, :routine blood eul ture. 
14 Stool m. Pllh. Hlth. No. 7$8A, SallIonella tmo- canie:r. 
1S Stool (1) ID. Pub. Hlth. No. lSO)R2, Salaonella ;zeoaa carrier. 
)) 
TA.BU!:. II (oont.) 
10. Sourae other Data 
16 Ilood m. Pub. Hlth. 10. 2lgeac, SalaoneUa tzeaa oonn.l.e ... n. 
17 Stool m. Pub. nth. 10. 3179.1, Salmonella tzRboaa patient. 
18 Stool m. Pub. Hlth. No. 2869.1, Sala;)JI811a tgRbosa conval .... nt. 
19 Stool Ill. Pub. H1 the No. 1S7SRl, routine stool cultur •• 
I) Stool ill. Pub. Hlth. Jo. 206BA., Salmonella typhoaa convalesc.nt. 
21 Blood m. Pub. Hlt,h. 10. l70iCl, routine blood culture. 
22 Stool Cook CountY' Hoap. patient, rout1.ne at.ool culture, isolated 
by A.. KeDn8<\f. 
23 Water St.ap&nt wat.er, Galarneau! t. 
24 Wat.er Sewer water, Galarneault 
25 stool Rout.ine stool au! tun, Galarneau! t 
r 
'. , . 
KEY TO TABLE n 
o - open tube" not sealed. with petrolatua 
C - tube sealed with petrolatua 
- - alkaline reaction or negative test 
0+ - acid. reaction OJ' positive teat 
0+ - slow reaction, requiring laB hour. or more 
• 
» - no change of indicator in the med1ua 
b blue 00101' in litmus milk 
3$ 
TABLE II 
PHISIOLOOICAL REACTIONS 
Culture numbera 
1 2 J h S 6 1 8 9 10 11 12 13 
0 ... 
- -
.. .. .. ... .. 
-
datro .. 
C .. .. ... ... .. .. .. .. 
0 .. ... .. .. ... .. ... ... ... .. 
luto .. 
C .. ... ... ... .. ... ... ... 
0 ... .. .. 
- -
.. 
sucrose 
C ... ... ... ... ... .. 
ul~ .. ... .. .. .. .. ... .. 
JU.DnOae .. .. .. -
arabinose 
-
.. ... .. .. 
lq'loa. .. .. ... 
-
... ... ... ... 
_thanol .. .. 
-
... .. li .. ... I 
ethanol .. .. .. .. 
-
... IJ .. ... .. .. .. 
etbylene glycol ... ... .. .. .. .. .. ~ .. .. 
- '" 
ClToerol ... ... i • ... .. .. ... .. 4 
" 
~ ~ .. 
a a • 
el'7tbritol .. ... .l ... 
- -
.l 
• 
adonitol .. ... .. ... .. 
-
N .. ... .. 
-
.. 
8 
JUDJdtol .. .... .. .. .. ... .. .. ... .. .. a 
sorbitol .. ... .. ... .. ... I .. ... ... 
'" 
~ 
• 
duloitol ... ... .. .. » ... 
-
.. 
-
... 
a 
ino8itol .. .. .. ... .. J ... .. ... • 
oontrol • » If » 'H » I N If I J • • 
r 16 I 
TABI.& II (cent.) 
PHISIOLOOICAL REACTIONS 
Cul tu:re numbers 
14 15 16 17 18 19 20 n 22 2) 24 IS 
0 
-
.. 
-
.. ... .. 
-
.. .. .. 
dextrose 
C .. 
-
... 
0 ... .. 
-
.. .. .. 
lactose 
e .. .. 
-
.. .. .. .. ... 
0 .. ... .. ... 
-
.. .. .. ... 
sucrose 
e ... ... 
-
... .. .. .. ... .. .. 
JUltose ... .. .. ... ... ... .. 
-
... ... ... ... 
unnose .. ... .. ... 
-
.. ... ... 
-
... ... 
arabinose .. ... ... ... .. ... ... ... 
x;yloae .. .. ... .. ... .. ... .. 
• thanol ... .. ... .. 
-
... II 
-
... ... 
s 
etJw.lo1 .. ... ... ... + ... ... ... I 
ethylene gly'oo1 ... ... 
-
... ... .. + ... ... 
-
4-
s 
111'cero1 +s 4- + ... ... .. 4- + 4- .. 
'". 
L 
• 
ery-thri to1 .. 4- ... .. .. .. ... .. ... ... .. 
8 8 • 
adonitol + .. .. ... 
-
... ... 
• I 
1I&1lIli to1 ... ... .... ... ... ... 
• s 
sorbitol .. ... ... .. ... .. ... I 
• I 
dulcitol ... ... ... .. 
•• 
... ... I s 
iDo.itol 
-
.... 
- -
... 
-
I .. ... 
-
» 
control » I If I N I N N I I N » 
)7 
'l.A.BLE II (cont.) 
PHYSIOLOGICAL REACTIONS 
Cu1 ture numbere 
1 2 l h S 6 7 8 9 10 11 12 13 
indole 
- -
.. 
- -
_~l red ... .. .. 
- -
.. .. .. 
Voge.-Proakauer .. .. .. .. 
- - -
litaua milk b b b b b b b b b b b b b 
nitrite .. + '+ + ... t .. ... + ... .. .. ... 
ielat.in 
-
.. 
-. 
.. 
-
• .. .. ... -
... 
oxidase + .. + .. ... .. i ... .. + + .. + 
catalase ... ... ... .. ... .. .. .. ... .. ... .. + 
pot.:te 
- -
.. 
-
. 
... .. .. .. 
Loeffler' 8 &car .. 
-
.. ... ... .. 
-
.. .. 
Lei.t'son aed1_ 
-
.- .. ... .. 
Simmons citrate .. .. .. .. .. .. .. .. ... 
Koser's citrate 
- -
.. I- - +1- - ... +1- - - - .. 
urea 
-
.. .. .. .. 
H.S - Klicler .. 
- - - -
.. 
-
... ... 
HaS .. PbAc SS + .. ... ... .. + .. .. .. ... .. 
" 
... 
BaS - paper strip .. ... .. .. .. .. ... + .. ... ... .. .. 
anaerobic 1d\h 10 .... .. + ... ... .. + + .. ... .. ... .. 
anaerobic without .. .. -
10. 
hemolysis .. .. .. 
-
.. .. .. ... 
- -(blood acar) 
TA.BLE n (cont.) 
PHYSIOLOGICAL REACTIONS 
Culture numbers 
1.4 IS 16 17 18 19 20 21 22 23 ~ 2S 
indole ... 
- -
... ... 
_thyl red ... 
-
... ... 
Voga"..Proskauer ... ... ... 
-
... 
litAus milk b b b b b b b b b b b b 
nitrite .. .. .. .. .. .. .. .. .. ... ... .. 
ialatin ... ... ... 
oxi<ia .. .. .. of .. .. of .. of .. of of .. 
catalan .. .. ... ... .. .. .. .. .. ... + .. 
potato ... 
- -
... 
-
... 
Loeffler's -..ar ... ... ... ... ... ... ... .. 
Leltson rnediwa ... 
- - -
... .. ... ... 
SiDDons oitrate ... ... 
-
... 
..f ... .. ... ... 
Koser's citrate ... .. 1- ... .f/-
-
..f/- ... ... ... /-
-
urea ... ... ... ... 
-
... .. 
-
HaS ... Kligler ... 
- -
... 
- -
... 
BaS - PbAc SS ... .. .. ... ... ... .. ... ... ... ... ... 
HaS ... paper strip ... of ... .. ... ... ... ... ... -# .. 
-t 
anaerobic with NO. ... .. ... ... ... ... .f ... ... ... ... ... 
anaerobic without NO. 
- -
... ... ... 
-
hemo~81. (blood agar) - ... 
-
... ... ... ... ... ... 
I 
L 
Ant1bioti. Cone. 
!ABLE m 
AIl'IBIOTIC SENSI'l'lVI'l'lES* 
Culture nu,"IJl'bere 
39 
1 2 .3 It. S 6 7 8 9 10 11 12 13 
78771010' It. TUU 6 6 
60 710ll 91112 9791214 88 
1 o 0 006 000 000 0 0 
10 0 0 0 0 .3 0 0 0 0 0 0 0 0 
771110121011 l 41112 T.3 
-ac. 
60 10 12 12 12 14 12 11 7 7 14 12 7 4 
Bao1vacin 
lIDite 
10 11102 1 2 1 112 1 1 
20 1 1 .3 1 2 2 .3 2 2 1 .3 2 2 
7 1 8 S 12 7 8 2 6 11 6 8 1 
60 10610712 910.) 912 9 98 
DihTdroetrep... 10 
\olQ"Cin 
_I. 100 
Sulla4iasine 1 
111&. 
Sultat.hiallOle 1 
III· 
Pol.yJQxin B lO 
unit.8 
2 .) 1 2 1 
6 6 6 7 It. 
4 S S S 6 
.3 2 0 
6 S 0 
.) S 0 
.3 1 1 1 
, 8 .3 2 
It. 2 8 .3 
o 
o 
o 
1 It. S .3 0 1 .3 It. 10 0 0 0 0 
100 2 1 0 2 0 0 0 6 2 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 
*aeadila&e in -. : Diameter of 1101111 (_.) - 7 IIIIIl. (dia. of di .. el 
2 
r 
hO 
TABLE III (cont.) 
.AJrJ.'IBIOTIC SENSITIVITIES * 
Ant1biot1.e Cone. Cult.ure num.bera 
14 1$ 16 17 18 19 20 21 22 2J ~ 2S 
Au.reOJll'cin 30 , S 10 2 11 7 U 6 , 1 8 1& 
-,- 60 9 7 II 2 14 9 13 a 10 1 9 7 
Peni.111in 1 0 0 0 0 0 0 0 0 0 0 0 0 
unit.a 
10 0 0 0 0 (# 0 0 0 0 0 0 0 
Cbloroqcet.in 30 10 h 12 0 6 10 6 1 11 S 1& 2 
llCI. 
60 12 7 11 n 10 12 10 S 11 1 8 S 
Bacitracin 10 2 0 1 0 1 0 1 0 , 0 1 0 
Uft1ta 
20 :3 0 2 0 2 1 2 2 S , 1 1 
TerJ''8.lll701n )0 8 7 1 2 10 h 9 2 1 6 6 , 
.. ,. 
60 9 8 9 , 12 1 U S 9 6 1 6 
Dih7drostrep- 10 1 0 1 1 2 2 1 0 0 0 1 1 
~1n 
IIOC- 100 S 0 1& 6 7 6 6 2 4 0 , 2 
StreptolQ"cin 10 4 0 4 4 :3 S 0 ) 7 «) 1 I 
-c-
Su.lfadias1ne 1 4 S :3 0 1 :3 4 0 ) 0 0 0 
... 
Sulfathiosole 1 0 8 0 1 1 2 0 0 0 0 0 0 
.-
Polymyxin B 10 0 0 0 0 1 0 0 1 0 0 0 0 
*Readings exPl'6ssed. al on previous page. 
TABLE If 
AGGLUTINATIONS 
I antigen. Dilutions ot Hl"UII. No. 2 
20 1.0 80 160 )20 640 14f>0 1$60 $120 1O~ control 
1 
- -
'"" • 
*1 
" 
4 4 
" 
4 4 4 2 2 1 
-3 .. 
- '"" -4 .. .. 
- -S J :; 2 2 1 1 
-
.. 
-
6 .. .. ... .. 
-7 .. ... .. .. 
8 ... ... .. 
- --9 
-
... 
-
.. 
10 
- '"" 
... 
'"" 
... 
11 .. .. 
12 
-
... 
-1) 2 2 1 .. 
- -14 ... ... ... .. ... 
15 
16 ... 
-
.. 
-17 ... .. 
18 .. ... .. .. .. 
19 
-
.. ... ... ... ... ... 
20 
- -
2l a a 1 1 
- - '"" 
... 
22 
-- - -
... 
- - -23 
- -
.. ... ... ... 
-
• ... ... -2S ... 
-
... .. 
* homo1olou8 antigen 
TABLE IV (cont.) 
AGGLUTINATIOJS 
B an'1&8na DUutio1'l8 ot serum No. 4 
tD 40 80 160 )20 640 1280 2560 Sl20 10240 control 
1 
-
.. ... .. 
2 ... ... .. .. ... 
) ... .. .. 
-
.. 
*4 4 4 4 4 4 4 ) 2 1 
S 
-
... ... ... ... 
-
6 .. ... 
-
... .. .. .. 
7 ... ... ... .. ... 
8 ... ... 
9 ... ... ... ... 
10 ... .. 
-
... ... ... ... 
U ... ... .. ... .. ... ... 
12 ... 
-
.. .. .. ... ... ... .. 
1) ... ... .. .. 
14 
-
.. ... .. ... 
1S .. ... 
16 ... ... .. ... ... ... 
17 .. ... . --. 
-
... ... .. 
18 .. ... ... .... ... 
19 
" 
4 4 
- -
3 ) 1 ... 
tD ... .. 
-
2l ... ... ... ... .. ... 
22 .. ... ... 
2) .. ... .. .. .. ... 
-
• .. .. ... ... ... ... 2S ... ... ... 
* homo10£o\l8 antigen 
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TABLE IV (cont..) 
AGGLUTINATIONS 
H antigens Dilut.ions ot serwa No. S 
20 40 80 160 )20 640 1"0 2S6O Sl20 10240 control 
1 ... ... 
-
... ... ... ... 
2 3 1 1 ... .. ... 
-
.. .. 
l .. ... .. ... 
-
.. 
h .. ... .. 
-
... .. .. 
*5 .. 4 4 4 4 .3 2 2 1 ... 
6 
-
.. .. ... ... ... ... 
7 
-
... .. ... ... ... .. 
8 
-
.. .. .. .. ... ... .. 
9 .. ... .. ... ... ... .. 
10 .. ... .. 
-
.. ... 
U ... .. 
12 ... ... ... .. .. 
1) 2 1 ... ... ... ... .. 
1,4 .. .. ... 
1S .. ... 
16 
-
... .. ... 
17 
-
... ... 
-
... ... ... 
18 .. .. .. ... ... ... 
19 ... ... 
-
... 
1D ... ... .. .. 
21 2 1 .. ... ... 
22 ... .. .. 
-
.. ... 
tJ ... ... ... ... .. 
24 .. ... .. ... 
25 ... ... ... .. 
* homologous antigen 
r 
TAllIE IV (oont.) 
AGGLUTINATIONS 
H'anti,gens Dilutions of serum No. 6 
20 40 80 160 32:> 640 1260 2$60 S120 10240 control 
1 
" 
4 4 
" 
4 4 4 1 2 .... 2 
-
... .... 
- -
.) 4 4 4 4 4 4 4 3 1 ,. 
.. .. .. 
-
.. .. 
S .. 
-
.. 
iI6 4 4 4 4 4 4 4 .3 3 
1 
" 
4 4 4 4 4 4 ) 1 
-8 
- - -
... 
- -9 
- -10 
- - -
... 
-
... ... 
U 
-
... 
-
... .... ... 
12 
-
... 
- -1) ... .... 
-
.. 
a ... 
-
... 
-
... .. 
1$ ... .. 
16 ... ... 
- -11 .. 
-
... .... 
18 4 4 4 4 
" 
4 4 2 1 
19 .. ... 
-
.. ... 
20 4 4 4 4 4 4 .3 1 1 
-
21 
-
... ... ... 
22 .. 
23 .. 
24 4 4 4 4 4 4 4 2 2S ... ... 
* homololoua antigen 
TABIE lV (com..) 
AGGLUTINATIONS 
R anticenB Dilutions of IIeruIl No. 7 
to ~O 80 160 )20, 640 1280 2S60 Sl20 lOIbO eontrol 
1 4 4 4 4 4 4 4 4 2 ... 
-2 
- -
... 
-
... ... .. ... .. ... 
) 4 4 4 4 4 4 4 ) 1 ... 
-4 
- -
... .. 
S .. 
- - -
.. ... .. .. ... 
6 4 4 a ~ 4 4 ~ ~ ) .. .. 
*7 ~ 4 4 ~ 4 4 4 4 2 .. 
6 
- -
... .. 
- -
.. 
9 
-
... 
- -
... 
-10 
- -
... .. ... .. 
n ... ... ... 
12 .. 
-
... ... 
13 ... ... .. 
-14 
-
... .. ... 
-15 
- - -
... 
16 
-
... 
17 
- -
... ... .. 
-
... .. 
-16 a 4 4 4 4 4 4 2 
-19 
-
... 
-
... .. 
20 4 4 4 4 4 4 :3 2 1 ... 
11 
21 ... ... 
23 
- -
... ... .. 
-
... .. 
24 4 4 4 4 4 4 2 2 ... 
2S ... 
-
... 
* homo1o,oua antigen 
r 
TABLE IV (cont.) 
AGOLUTniATIONS 
• ~icen· DUutione ot sel'Wl No. 8 
20 40 80 160 )20 ~O 1260 2S6O )lBJ 10240 control 
1 .. ... .. ... 
-
.. .. 
2 .. .. .. ... .. ... ... 
1 ... ... 
4 ... 
-
... 
S 
-
... .. 
6 ... ... 
-
... 
1 .. .. 
*6 4 4 4 4 4 4 2 1 1 .. 
9 ... ... ... .. 
10 
-
... ... .. 
-
U .. ... .. 
12 ... ... .. .. ... .. ... .. .. 
1) ... ... .. .. .. .. 
14 ... ... ... ... 
lS ... .. 
16 ... 
17 ... 
18 .. ... 
19 .. ... ... ... ... 
20 
-
.. ... .. .. 
21 .. ... 
-22 ... 
23 4 4 4 4 2 1 .. 
24 ... 
as 4 4 4 4 ) 1 1 ... 
* hoDIo1OCOl18 antigen 
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'fABLE 1V (cont.) 
AGGLUTINATIONS 
H utigena DUutlons of 8e1'Ull No. 11 
20 40 80 160 )20 6ho 1280 2$60 Sl2() 10240 oontrol 
1 
-
... ... 
- -
.. 
2 
- -
.. ... .. , 
... ... ... ... 
4 ... 
-S .. 
-
... 
6 ... .. ... .. .. 
1 ... 
8 ... 
-
.. 
-9 
-
... ... ... ... 
10 2 2 1 ... ... 
*11 4 4 ) , I 1 1 
-
... 
12 ... .. ... .. .. .. 
1) 3 2 1 ... ... .. 
14 ... .. ... ... ... 
l$ ... ... ... ... ... 
-
16 ... ... .. 
-11 ... .. ... 
18 .. ... 
19 ... 
20 
-
... ... .. .. ... 
2l 1 2 1 ... 
22 
-
.. ... ... 
-2J .. 
-
... 
-24 
-
... 
2S ... 
* homologous antigen 
tA.BI& If (cont.) 
AGGLUTINATIONS 
H antipn8 DUutiona of aerua 10. 15 
20 40 80 160 )3) 640 1260 2S60 Slit) 10240 control 
1 
-
... 
2 ... 
) 
-
... ... 
-4 .. - ... ... S ... ... .. 
6 ... ... ... ... ... 
7 .. .. .. ... ... 
8 
-
... 
-
.. ... 
-
... 
, 
... .. .. 
10 
-
... ... .. ... 
11 ... ... 
- -
12 ... ... ... 
13 
- - -
.. 
14 2 1 ... .. - -
*15 4 4 h 4 2 1 -
16 2 1 1 .. 
-
.. .. ... 
17 ... ... .. 
18 ... .. .. ... .. 
- -19 .. .. 
-
.. 
20 ... .. ... 
-
... .. ... 
21 2 1 
- - -
... 
22 .. 
2) 
24 
as 
* homol0IOU8 antigen 
r 
TABLE IV (cont.) 
AGGLUTINAtIONS 
B anticenB DUut10ns of serum No. 22 
20 40 80 160 320 640 1280 2$60 Sl2010240 control 
1 ... 
- - - -2 
-) 
- - -4 
- - -S 
- - - -
6 
- - -- -7 
-6 ... 
9 
-10 
- -
U 
12 
- - -13 ... 
-
... 
14 4 4 4 4 3 1 
1S ... 
16 
" 
4 
" 
3 :3 1 1 
-17 
18 ... ... 
19 
-20 
-
21 
- -
*22 
" " " " 
4 
" " 
.3 1 
-
... 
2) ... 
24 ... 
2$ 
* haaologoua antigen 
TABLE IV (cont.) 
AGGLUTINATIONS 
o ant1&e!l8 Dilutions of serum No. 2 
20 40 80 160 )3) 640 ·1260 2S60 Sl~ control 
1 
- -
*2 4 4 4 h h ! 1 .. , 
-
.. 
-
4 ... - ... 
S :3 ) 2 1 
6 ... .. 
1 .. .. 
8 .. ... -, 
-10 
U 
12 ... -
1) ... 
-14 
-
.. 
1> 
- -
16 .. 
11 
-18 
-19 
20 .. 
-
... .. 
f1 
22 -
2l - .. 
24 
2> .. - .. 
* hosologou8 antigen 
'fABlE IV (cont.) 
AGGLUT I:;/.TIONS 
o antic_ne Dilutions of aerum No. II 
20 40 80 160 320 640 1280 2S60 )'120 control 
1 
-
.. ... .. ... ... .. 
2 .. ... .. .. ... ... 
-J 
-
... 
*4 4 4 3 1 1 1 ... .. -S ... ... ... .. .. 
6 ... ... ... .. 
7 ... 
-
... .. .. ... .. 
8 ... .. ... ... ... , 
... ... .. .. 
10 ... .. .. .. ... ... 
11 
-
... ... ... .. ... ... ... 
12 .. ... ... ... ... ... 
-1) ... ... ... ... ... .. 
-14 ... ... ... .. 
-
... ... 
1$ ... ... .. .. ... ... 
16 ... ... .. ... ... ... 
17 .. .. 
-
.. .. ... 
18 ... ... ... 
-19 4 1 3 2 1 
-
.. 
-20 ... ... 
-
2l. ... .. 
22 ... 
23 ... ... .. 
t4 ... 
IS 
* ~logou8 antigen 
TABLE IV (cont..) 
AGGLUTINATIONS 
o ant.igens DUu\iona of serum No. S 
20 40 80 160 320 6h0 1280 2$60 Sl20 control 
1-- .. 
- -
... .. .. 
-2 3 2 ... .. 
J 
-
.. .. ... 
-
... 
4 
-
... .. ... 
*$ 4 4 4 4 3 3 2 1 .. ... 
6 .. ... ... ... ... ... ... 
7 .. .. .. ... ... ... ... 
8 ... ... ... 
-
... 
9 ... 
10 .. ... ... 
U .. ... ... 
'-12 ... 
-
... 
-
... 
13 ... .. ... ... ... 
a ... ... ... ... ... ... ... ... lS .. ... ... ... ... .. 
16 ... ... .. ... ... ... .. 
17 
-
... ... ... 
-16 ... ... ... ... ... 
19 ... .. ... 
20 ... ... ... ... ... 
-
.. 
21 ... ... ... 
22 .. ... ... 
-
... ... ... ... 
23 ... 
-
... 
24 
- -IS .. ... ... 
* homologous ant.igen 
TABLE IV (cont.) 
AOGLU'l'L'tATIONS 
o antigens Dilutions of serum No. 6 
20 40 80 160 )20 640 1280 2$60 Sl20 contTol 
1 4 4 4 4 4 2 2 
-2 
-
... ... ... ... 
-
.. 
-
.3 4 4 4 4 
" 
1 
-
... 
4 ... ... ... 
S .... ... .... 
-
~ 4 4 4 4 4 2 1 .. ... 
7 4 
" 
4 4 4 .3 1 
8 ... .. .. .... .. 
9 ... .. 
10 ... ... ... 
-
.. 
11 ... ... ... .. .. 
12 ... 
-
... .. 
-
... 
-1.3 
- -
.. 
-
... .. ... 
14 ... ... ... ... ... 
-
... 
15 ... .... ... 
-
... .. 
-
16 .. ... 
-
... ... ... 
-
... 
17 ... ... ... ... ... 
18 4 4 4 4 4 .3 1 1 .. ... 
19 .. .. ... 
- -
... 
20 1 4 4 4 1 1 ... 
-
n 
22 ... ... ... ... .. 
23 ... ... ... .. 
- -
• 4 4 4 ) l l 1 ... .. IS ... ... ... ... ... .. 
* homologous ant1ien 
TABLE lV (cont.) 
AOGLtrr INAT IONS 
o antigens Dilutions of serum. No. 7 
20 140 80 160 )20 640 1260 2S60 $l20 control 
1 4 14 14 4 4 3 1 ... 
2 
-
... 
-) 4 14 4 ) 2 2 ... 
4 
- - -
.. ... 
-$ 
-
... 
-
... 
--
.. 
6 4 4 4 4 2 1 
- - -
*7 4 4 4 4 4 2 2 ... 
8 .. 
-
... , 
-
... .. .. 
10 .. .. ... 
-
11 ... ... .. .. ... 
12 
- -
.. ... ... ... 
13 
-
... .. .. .. ... 
14 .. ... 
1$ 
-
.. .. 
16 ... 
-
... ... .... ... 
11 .. ... 
-
.. ... 
18 4 4 4 4 4 2 1 
19 .. .. .. ... 
10 .. 4 4 J ) 1 
n 
-
... ... 
-22 ... .. .. .. ... .. 
2) ... ... 
- -24 4 4 .3 3 2 2 ... 
2$ ... ... 
-
* homologous antigen 
ss 
TABIE IV (cont.) 
AGGLUTINATIONS 
o antigens DUutioll8 of serum. No. 8 
20 40 80 l60 320 640 1280 2$60 Sl20 cont:rol 
1 .. ... 
2 .. 
- -
.. .. ... 
) .. .. 
.. .. 
- -S 
-
... .. ... ... 
-
6 .. .. 
7 ... 
-
.. ... ... 
itS 4 h h 4 3 3 1 ... ... 
9 .. ... 
-
.. 
10 ... ... 
-
... ... 
11 .. ... ... 
-
.. 
12 .. ... ... .. 
1) 
-
... 
-
... ... 
14 
-
... ... ... 
-lS .. ... ... ... 
16 ... ... .. .. ... ... ... 
17 ... ... 
18 .. .. ... .. .. ... ... 
19 ... .. .. .. 
3) ... 
-
.. ... 
21 ... 
22 ... ... ... 
-2) ) J J 1 ... .. ... 
t4 ... 
2S .. 4 4 3 2 ... ... ... 
* homolosmls antigen 
i I 
fABLE IV (cont.) 
AOOLUTINATIONS 
o antigens Dilut.ions of serum No. 11 
20 40 60 160 .3:1> 640 1260 2S6O Sl20 control 
1 
-
... ... ... 
-
... 
I ... 
-
... 
-
.3 ... ... ... 
-
... 
b 
- -S .. 
-
.. ... ... 
6 ... ... 
-
... 
7 
-
... 
- - - -8 .. 
- - -
... 
9 
-
... ... ... 
-
... 
10 2 1 .. ... 
- - -
*U 4 
" 
.3 .3 1 ... 
-
... 
12 .. ... ... 
-1.3 2 1 
--14 ... ... 
1S .. .. 
-
16 ... ... 
-
.. ... 
17 
-18 
-
.. ... ... 
19 ... .. 
10 
-
... ... 
-
... 
21. .3 2 ... ... 
- -22 ... 
-
... 
23 
-24 ... ... 
-2S 
-
.. ... 
-
* bomologous antigen 
ST 
TABIE IV (cont. ) 
AGGLUTINATIONS 
o antigen8 DUutiona of 8er\11 No. lS 
10 40 80 160 )3) 640 1280 2S60 Sl20 oontrol 
1 ... 
-
... .. .. 
-
... 
2 
- -
... ... 
1 .. ... ... 
-
... ... 
.. ... .. 
-S ... .. 
6 
-
... ... 
1 .. ... .. ... 
-8 ... ... ... ... 
-
... 
9 
-
... ... 
- -10 ... 
- -
... ... 
-
... 
II ... ... 
-
... ... 
-12 ... .. 
- -
... 
-1) ... ... ... ... ... ... ... 
14 ... .. ... ... ... 
*lS • 4 ) ) 2 ... ... ... 
16 ... 
-
... 
-
... ... 
17 ... ... 
-
... ... ... ... 
18 
-
... ... ... 
-
... ... ... 
-19 ... ... ... ... 
3.) ... ... ... ... ... ... 
21 ... ... 
- -22 .. ... 
- -
... ... 
2) 
-
... ... 
-2k ... 
- -2S ... ... .. .. 
* homologou8 antigen 
TABIE IV (cont.) 
AGGLUTINATIONS 
o antigens DllutiOn8 of serum. No. 22 
20 40 80 160 320 640 1280 2S6o 5120 control 
1 
- - -2 
- -3 
-
... 
-
... 
4 
-
... 
-S 
-
... 
6 
- -1 ... ... ... 
8 
- -
... ... ... 
9 ... 
-
... ... 
10 
- - - -
... ... 
-
... 
11 
-
... ... ... .. ... 
-12 
-
... ... 
-
... 
1) 
- - --14 4 4 ) ) 1 ... .. ... 
1S ... ... ... ... 
16 1& 3 2 1 ... 
-11 
-
... ... ... 
18 
-
... ... 
19 ... 
20 ... ... 
21 ... ... ... 
*22 4 4 4 4 4 2 1 ... 
21 ... 
- -24 
-
... ... 
-2$ ... ... 
-
* homologous antigen 
'fABLE V 
SUM[~y OF ANTIGENIC GROUPS 
GroUpaJ according to B aut1&ena 
I - 1, J .. 6, 7, lB, 20, 24 
II - 2, 5, 1), 21 
III - 10, 11, 13, 21 
IV - 14, 16, 22 
V - 8, 23, 2S 
VI - 4, 19 
VII - 1S 
VIII - 9, 12, 17 (no serological data) 
Groupa according to 0 antigens 
A - 1, ), 6, 1, 18, 20, 24 
B-2, S 
C - 10, 11, 13, 21 
D - 14, 16, 22 
E .. 8, 23. 2S 
r - 4, 19 
Q .. 1S 
H - 9, 12, 17 (no serological. data) 
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nISCUSSIOI 
The survey of the literature reveals that organis!I18 
probably having a physiology and morphology similar to the lopho-
trichous organisms studied in this work have been isolated from a 
variety of 8ources, the first having been reported bY' Gunther (1894). 
other workers isolated organi.6Jls, some of Which may have been lopho-
trichous, and placed them in the genus Alcaligenes usinc action on 
litmus milk and carbohydrates as general criteria. Frequently, 
little attention was paid to tnorpholoa. particularlY' nagellation. 
Kuhnemann (1911) published photoaicrographs of the lophotrichous 
organ18BtS he isolated from a human stool, but he is ',;;i~~ of very few 
who gaTe DlUch consideration to morphology. Thus, it 18 difficult to 
establi8h the identity of the majoritY' of organi8Dl8 labeled Alcaligenes 
with those used in this study. 
MORPHOLOGY 
The organiSIlls studied in the present work are all gram 
negative rods, some having a slightly curved morphology, meaauring 
O. s". wide by 2 - 3J.L in length. They are motUe b;y a tuft of polar 
flagella, 2 - 4 in number, each of which has two curves or less. 
60 
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This corresponds to 18ifson' s (1951) designation of lophotrichous. 
WhUe there 18 no sharp din.ion, there appear to be two 
types of lophotrichous flagella. Figure 1 show. the type of flagella 
found on moat of the cells of 19 of the cultures. They usually have 
two curve. and are directed away trOll the cell. Figure 2, on the 
other hand, shows nageUa which have predoll11nantlyonly one curve, 
appear aborter, and are directed back towards the sides of the cell. 
This type is found to predominate in cultures " ), 13, 15, 21 and 22. 
Culture 17 i. an exu.ple of an organi_ having predoJl1.nant1y bipolar 
flageUa. This characteristic is not comPlon maong bacteria and its 
s1cnificance is probably not understood. It may be a function of the 
t1M of flagellation and of cell division (18ifson 1951). In the 
lophotrichous aroup, it occurs in all cultures, but not pred01ll.inantly 
exoept in very fev. 
The lophotrichous organiSMS are a group which &how a high 
per-cent of motile cella. In ordina17 cultures in seai-solid agar 
pour plates, 1S% to 90% of the coloniee are !IOtUe. Culture 9 is 
an exception as only SS% to f:I.Y/. were motUe by the above method. 
Stained suspensions of the organisms showed about the .... percent 
of cells to have nagella. 
In han&iDi drop preparations of broth cultures, the 
organi8Jlls appear to lIlOve in a straight line, linear motlliV, in 
contrast to the irregular wriggling motility exhibited by organ18lU 
with peritrichous nagella such as Salmonella and Proteua. 
The shape of the cells themselves i8 shown in figures 1 
and 2. Many of the cultures show some slightly curved cells as in 
figure 1. This curvature is not constant in any of the cultures, but 
appears in some cells of all cul'tures. ~e curved, or vibrio, shape 
led Lehmann and Neumann (1927) to change the generic term from 
Bacteriwa to Vibrio for their organisms of this type. Vibrio percolane 
(Mudd and Warren 1923) was likewise given its name tor the shape of 
the cells. 
The curvature of a cell of this tYb8 does not appear to be 
a stable characteristic. The cholera rtbrioe are somewhat curved 
when first isolated, but lose this shape, for the most part, when 
cw. tivated on artificial;nedia. !he lophotrichous organi8Id do not 
consistently exhibit the vibrio shape, so that one questions the 
advisabUi ty of using this as a generic characteristic. A. v1ll be 
.een later, the cholera vibrio and organisms such as Vibrio percolans 
differ phJsiologically and morphologically and therefore probabl1 
do not belong in the same genus. 
PHYSIOLOGY 
Hugh and 18ifson (l9Sl) clearly differentiated true fer-
mentation from. aerobic oxidation by bacteria. They showed that the 
members of the Enterobactericeae had the ability to ferment carbo-
hydrates in the absence of air. Another group of organisms, such 
as the pseudomonad., could utilize carbohydrates aerobically, cut 
6) 
not. 1n tHe absence of air. Further, they found iii. third group which 
did not oxidize an,. carbohydrates, but rather produced. an alkalinity 
in a medium. containing carbohydrates am peptone. 
The oarbohydrates listed in Table II are those comonq 
used for the differentiation and identification of gr .. negative 
rods. The lophotrichoUS organisms regularly failed to attack the 
carbohydrates and routinely formed alkali, presumably frcn. the pep-
tone in the mediUll. This abilitY' to fora alkali in peptone medium. 
containing carbohydrates is not limited to the lophotriebolUJ organi_a, 
as other organi8!U of the Alcalilenes type also produce alkali under 
the same conditions. 
Table II furt.her shows that 18 lIlembers of the group studied 
were able to oxidize glycerol Pl'OlItptlY'. On longer incubation, the 
7 re_ining cultures also produced aCidit7 in this lllediUII. Cultures 
8, 9, 1), 15, 21 and 2, were able to oxidize the majority of the 
alcohols. Culture 12 oxidized onlY' glycerol, mannitol and sorbitol, 
culture 2) only glycerol and JWmitol. In most cases the oxidation 
ot the alcohols other than glycerol was slow. 
The abilitY' to utilize glycerol is ot considerable interest. 
aince turck (1951) found that BODle ot her Alca!!enes _rEI able to 
split neutral fats, euch as trlbutyr;yn. This approach to the 
phYSiology of the lophotrichous organisms has not been investigated 
tor purposes of this study, but appears to be of conSiderable interest. 
Nrl'RATE! 
The ability to reduce nitrat(;cs to nitrites, but not to gd8, 
has been found to be a very stable characteristic amana this group_ 
Table II indica.tes that all cultures, except II and 12, were able to 
grow in the absence of air if nitrate were incorporated in the medium.. 
This ability is not conrnon among bacteria. SoIle pseudoIlOnaJs and the 
organism described by Leifson and Hugh (1954) .. Alcaligenes denitrit-
icans, are examples ot other organisms that can utilize nitrate as as 
apparent substitute for the oxygen of air. They noted that the last 
mentioned organiSM grew better under these conditions than those 
types which produced no gas trom nitrites. This difference ~ be 
a .function of the energy released in the two re<ictions. About 
20.000 calories (per Gr-iW) are relet~sed in the reduction of nitrates 
to nitrites whereas about 7S,OOO calories are obtained in the re-
duction to gas (Fruton and Simmons 19S3). 
CITRATE 
On SimlIlons Citrate Agar Medium, four of the strains pro-
duced a definite alkaline reaction whereas with Koser's Citrate 
Broth, it was difficult to ascertain whether growth had occurred or 
not. Citrate utilization is commonly used as a differentiating 
reaction Ulong the coliforms, but in the lophotrichous group the 
reaction on citrate :nedia is too indefinite to be of lWeh value. 
UREA 
The ability to split urea in the mediUl.1l described by 
6S 
Stuart, . Van Stratum. and Rustigian (1945) has been considered a 
characteristic of the genus tToteus. However, or~anisms are class-
ified in this genus which do n::.>t exhibit urease activity. One of 
the strains of this collection (no.a) regularly split urea in this 
Medium -when it 'Was first isolated, but after more than a year in 
stock cultures, this characteristic was lost. All other cultures 
wel'e urea negative in this medium. 
The action of the organisma on Christensents urea agar was 
extremely variable. A weak pink color was noted with a number ot 
cul tures. This rea.ction took place in the absence as well as the 
presence of urea. This indicated that the organisms were forming 
alkali !rca Bome other component of the m.ediUlll, probablTthe peptone. 
INDOLE, 11l!.'Tlf.i1 RED AND VOOES-PROSKAUER 
Indole, ,"iethyl Red and Voges-Proskauer tests were carried 
out on all cultur08, but were invariably negative as shown in the 
table. Hugh (19$3) observed that all non-fermenting organisms that 
be studied gave negative reaction for the three tests. 
HEMOLYSIS 
Hemolysis oi' red blood cells is of considerable importance 
in the recognition of some type$ of bacteria such as the streptococci. 
The lophotrichous organiStfls failed to hemolyze either human or rabbit 
red cells under '~e conditions tested. 
GELATIN 
Only one l1lediUDl was used in this study for the detection 
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ot gel.liin hydrolysis. The resu! ts obtained on various media for the 
demonstration of gelatin liQ.uefaction have been conflicting. The 
time and temperature of incubation, composition of the media used, 
and the time of inoculation after preparation all appear to affect 
the results obtained. As there is no agreement as to a definite 
set of conditions for the test, it is at present unreliable. All 
oultures used in this study failed to liquefy gelatin under the 
ccmdi tions tested. 
HIDROGEN SULFIDE 
The production of hydrogen sulfide by the lophotrichous 
organisms appears to depend on the composition of the medium and the 
method of testing. This is in IgreeDlent with studies by Hunter and 
Crecelius (1938) and ZoBell and Felth_ (1934) who found that 
bi8lllUth, lc>ad and iron were suitable indicators for the detection 
of sulfides. Further, the paper-strip method apparently detects 
smaller amounts of sulfides than if the indica tor is incorporated 
into the medium. The ions are somewhat toxic for some bacteria, but 
lead and iron are not 80 for the lophotrichous organiMs used in thiB 
study. The resu! t.. indicate that the organisms can produce bydrogen 
sulfide in amounts sufficient to be detected by lead acetate semi-
solid mediua ani lead acetate paper, but not iron salts incorporated 
into a solid llledium. The addition of sulfur-containing compounds 
was found to be unnecessary. 
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LrrMUS MILl 
The production or alkalinity in litAus milk has lone been 
used as one ot the major cn ter:1a for placing an organi.a in the 
genuB Alcaligenes. .18 an indicator of hydrogen ion concentration, 
litlaus doe8 not have a sharp end-point compared to other indicators. 
The alkali produced. in such a mediU1ll 11&7 be sutficient to cause sol-
ution of the casein rather than having a direct proteolytio effect. 
rus medius adds nothing by wq of information to that obtained on 
other aedia. All organisms in the study turned litmus lIdlk blue. 
PIGMENT 
The production or a pigment may be or diagnostic as well 
.B taxonomic importanc.. Several factors have been found which lU7 
affect such a reaction. Light, temperature of incubation, concen-
tration of peptone in the media, and the presence or SOfIe inorganic 
ions such as magneSium have been reported as affecting the production 
ot pigment b;y bacteria. Potato has been used for l'I&fl1' years for the 
detection of pigment, tho it is an Ul-detined media. 
All lophotrichous organisms taUed to produce alV' pipent 
under the conditions tested. Hugh (1953) reported one lophotrichous 
strain to produce a weak orange pigmsnt" but this author has been 
unable to reproduce this result with the same strain (no. .>. 
OXIDASE 
As can be seen fl'Olu Table II, all ot the organiSDl8 gave a 
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positive test for oxidase. This reaction is not widespread among 
bacteria. In the case of the ~ei8seria, it is somewhat dia&nostic, 
and 8O:ne members of the genua Bacillus may exhibit this abilitye 
!11rck (19$1&) found all her lophotrichous cu! tures to be oxidase 
positive, but some organism.a having other types or flagella were 
negatiT.. !his reaction may be definitely or importance in diff-
erentiating the lophotrichous organisms from other types somewhat 
siMilar pby8iol.gical~. 
Demonstration of catalase activity is not of great tax-
onomic importance aa this property ia rather widespread amone bacteria. 
All lophotrichous organisu tested were catalase positive • 
.urfIBIO'1'IC SENSITIVITY 
.Al teaeier (1945) reported AlcaliJenes to be ve'17 suscep-
tible to the action of Penicillin. Fulton, Chilton and Lankford 
(1946) found their culturea of llcal¥enes to be ve'17 resiatant to 
this subatance. In neither case was sufficient data given to 
ascertain whether the organisms were or the lophotrichous type or 
DOt. Table III ShoWI the action of a number of antibiotics on the 
lophotrichous organi... It may be noted that they are extreael.7 
resistant to Penicillin, Bacitracin, Po~1n and the sulfonamides, 
so_what INHeptibIe to Streptomycin and Dihydrostreptomycin, and 
11lOst susceptible to Aureomycin, Chloramphenicol and Terramycin. 
II 
illl 
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SEROLOGY 
Reaults of agglutinations are shown in Table IV and are 
lJUDUl.l.rized in Table v. 
It is readily apparent that the lophotrichous organisms, 
as a group, are not serologically homogeneous. they do t01"ll several 
rather well defined groups however. With respect to the somatic (0) 
antigens, the groups are rather sharp~ delineated, i.e. a given 
culture agglutinated in the Bera of one group only. With the tlageliar 
agglutinations (I), ow. tures 1) and 21 agglutinated in the sera ot 
two groups, II and In. The corresponding 0 antigens agglutinated 
in 0017 one aeruua, 11 of group C. This indicates that these two 
strains haye flagellar antigens which are somewhat s1aUar to those 
ot strains 2, S IIld II, and pres_ably with 10 tho antiserwl to the 
latter strain was not prepared. Strain8 2 and S agglutinated in 
antUeJ'Ull to each other, tho to lower titre. 
Strains 14 and 16 agglutinated in antisera IS and 22 but 
the antigens of the latter two agglutinated only in their homologous 
antisE'l"W1l. This indicates that strains 14 and 16 have .flagellar 
antigens aill:ilar to 15 and 22. The absenee ot agglutination ot these 
latter 2 strains in antisera to each other uy haft been due to having 
the serum too dilute. 
ill other strains ot the lophotrichous organiSts agglutinated 
in only one group and usually- to high titre. This may be interpreted 
, ... i 
10 
to Man that they are, within a group, very simUar with respect 
to their nagellar antigens. 
SOUROI 
The majori~ of lophotrichous organisms isolated to the 
present time have been found in stools. there seems little doubt 
that l1llmeaann (1911), Strecker (1917), Lehmann and NeUllWlll (1927), 
Leitson (1942) and Hugh (19.5J) all obtained true lophotrichous 
organisms trom stoals. Occasionall1 they have been found in blood 
and other uterlals such as soU (Gunther 1894), hq (Mudd and 
Warren 1923), water (1'flrck 19S2A) and sewage. 
Laifson (1942) noted that these organisms grew well, or 
at least better than Alcalljenes having peritrichoua nagella, in 
the presence of bile salts. Further, he found the last mentioned 
type only rarely' in stools. !e!lelts Manual .2!. Determinative 
Bacteriololl lists only the peritrichous type. It i8 reasonable to 
assume that perhap& the lophotrichous type has the bowel as its 
habitat, and that many workers reporting Alcaliienes from stools 
may bave had the lophotrichous type of flagella rather than the 
peritrichous but did not actually stain the flagella to deteraine 
the t.fpe. Most deacriptions of Alcaligenes list ~iological 
reactions, but do not consider morphology other than cell shape 
a8 shown b7 simple stains. 
The data presented in this work shows that 15 of the 25 
strains were obtained from stools (Table I). Blood was the source 
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of 4 strains; the remaining 6 from various lSources. All 25 of these 
strains, regardless of source, grew well on Desox;ycholate agar plates. 
About 17$ normal stools were cultured and e.xlUUined for 
lophotrichous organisms" but none were found. Of 100 stools for 
routine culture frOIl patients in Cook County Hospital, 1 strain of 
lophotrichous organisms (22) was obtained. No data could be ob-
tained on the clinical condition of the patient. 
Sinoe the majority of lophotriohous organisms isolated 
haTe been found in fecal material and they have the ability to grow 
-.11 in the presence of bUe salts in Titro, it is very like17 that 
their natural habitat is the intestinal tract, tho they may be found 
in other places open to fecal conta~ination. 
PATHOGENICITY 
Numerous rep,~~,rts have been made on the possible pathogen-
icity' of Alcaligenes. Most of these reports give insufficient data 
to ascertain whether the organisms werf: lophotrichous or not. 
Baerthlein (1912)" Pollack (1912) and Ferry and 1".J.i. (1918) isolated 
organisms from cases of intestinal disturbarlces which were reportEd 
aa haTing polar flagella which may have been lophotriChous. St.recker 
(1911) drank cultures of 10photrichou8 organisms and caused an enter-
itis in himself. 
Hirst (1917) and Nyberg (1935) found Alcaliienes with 
polar flagella in stools of persons cOllTalescing £rom dysentery and 
enteritis. the fol'llttr reported no isolates froIa normal stools, but 
Bassler and Peters (1949) stated that Alcalisenes occurred in ~ 
at normal stools. They believed that Vibrio alcaligene. occurred 
.a normal inhabitants ot the intestinal t.ract. Baerth1ein (1912) 
and Bitter and Grundel (1925) reported no ill effects from ingestion 
of oultures ot organisms of this type. 
Lophotrichous Drganisms have be~n reported in association 
with Salmonella typbosa (Nyberg 1935). Of the cultures used in this 
atu~, 7 were isolated f~om material from patients with typhoid 
fflYer or ha"t'ing a history of this disease. In view ot the proven 
pathogenic itT of Salmonella tyPhosa and the doubtful pathogenicity 
or the lophotriohous organisms, it is re'.sonable to assume that the 
condition of such persons waS due to the typhoid organism. 
In contrast to thiS, 10 specimens of stools and blood, 
troa which Salmonella tiJ?hosa and Salmonella I!!:,ratnhi J. were 
isolated, failed to yield anT lophotrichous organisms. Sera or these 
patients were not available to test for antibodies. However, several 
strains of 2,. typha sa were not agglutbated by antisera to the 
lophotriChous organisms. 
The organism isolated trom a pedia.tric stool (2) may have 
been the etiologic agent or the diarrhea. However, sorn.e organisms 
usually con8idered non-pathogenic, such as E;;;.,,;,.8c.-h . e;.;r;.;i;.;;c.-hi.;;.a.;;. coll~ cause 
diarrhea in infanta and m.ay have done so in this case. 
It ia, therefore, difficult to ascribe pathogenicity to 
the lophotrichous organisms. 
l' 
As has be-en lilentioned prey lou sly" liergel'! i-i,auual ~ 
Determinative llacteriolo~ (1948) does not fully recognize the 
lophotrichous organiar!ls described in this 'WOrk. ~'he maj ori ty of 
persous isolating such strains, label th~;. alcaliGenes on the basis 
of their phySiological reactions. 
Lehmann and Neu.'Ilarul (1927) designated organisms such as 
the lophotrichous types of this ""ork as Vibrio beeause of the 
CUl"f'ature of the cella and their ability to grow in strongly al-
kaline !I1edia. Likewise" 11fudd and. Warren (1923) designated their 
organism Vibri~ .eercolans on the basis of its Jlorpholou. 
Physiological~, the orG~~isn causing Asiatic cholera, 
Vibrio comm.a, i8 a carbohydrate fer:nenter and has Single polar 
. 
flagella with more than two curves. The lophotrichous organisms 
can:oot attack any of the COllH.on sugars, Edther "xidatively' or fer-
mentatively, ani have a tuft of polar flaclella, each ot which has tlJO 
curves or less. Consequently, this author believes that they do 
not belong in the genus Vibrio. 
While the lophotrichous types do res~Btle the Alcaligenes 
physiologically, lilorphologically they do not. Further, the habita.t 
of the type speCies, Alcaligenes fecalis, i8 probaolT not the in-
testinal tract since they are found there only ver,y rarely. Tho 
cognizant of the recorded mutation of a lophotrichous to a peri-
trichoua type (Laifson and Hugh 1953), this author believes the 
I 
'I I 
'.11 
',11'111 
",I" 
differences sufficient to warrant a separate genua for these organ-
The term LophOlIonas alcal:1p:nes (gen. nov.) ia proposed 
for the organiBlU deSCribed. 
Genus Lo@OIIlOn&S (gen. nov.) 
Oro negative rods, straight or elight17 curved. Motile 
by lophotrichous flagella or non-motile. Grow well on ordinar,y media. 
Fora alkali in peptone media. No acid produced f'roJI hexose sugars. 
M~ f~~ acid from alcohols, oxidatively. Indole, methyl red and 
VCCe.-Pr'oskauer negative. Reduce nitrates to nitrites but not to gas. 
Ro pigaent formed. Oxidase positive. Non-haoly'tic. Serologically 
heterogeneous. Have been isolated from human fecal lll8.ter1al, blood 
and water. Type species, Lophomonas alcaligenes. (Culture No. 7 
is designated as the type .traiii.) 
At the present time, only one species is proposed. A 
more complete study of the utilization of other substances, not in-
eluded in this studT, or a cOluplete serological study" of the group 
_1' reTeal. :uore possible species. 
Physiologically speaking, LophoDlOnas ale aligenes cannot 
be placed in the fudly Enterobactericeae. The presence of polar 
flagella would indicate that their proper place is in the family 
PseudOlllOlladaceae, tho the majority of this family have the ability 
to oxidize some of the COlllMon sugars. Conversely, the tamily 
Achromobactericeae contains, at present, the genus Alcal!genes 
which does not attack the cO.muon sugars. The presence of polar 
flagella would exclude Lophomonas trOll this fam1J.T. 
7$ 
ConseQUently" there is no satisfactory place in the present 
taxonomic scheme of Bergey et. ale for the genus LophollOnas. 
One possibility in the solution of this problelll lies in 
the establi8hmen.t ot a new taaily (Lophobactericeae) which would 
include the genus Lophomonas and the lophotrichous plant pathogens" 
tho the latter may oxidize soae sugars. More data on the morphology 
and physiology of this group is necessary before such a proposal 
lIlight be ccnsidered. 
The seoond possibility is the altering of the present 
soheme a8 suggested by Leifson (1953). This ovnsists in placing 
the genera Acbromobacter and Flavobacteriua in the f&milT Pseudo-
monadaceae because of their oxidative ability" and retaining the 
tam~ Aehrolllobactericeae for organisms which do not oxidize sugars. 
This would require the adoption of new criteria for the families. 
The third" and perhaps best, possibility is to place 
Lophomonas in the family PseudOlllonadaceae as a polar flagellated, 
non-oxidizing group. This would not reQUire alteration of the 
family char .. cteristics. The sche. below (Lairson 1955) indicates 
the possible position of Lophomon&s in this family. 
Pseudomonadaeeae 
Tribe I 
(oxidizers) 
Tribe II 
(non-oxidizers) 
Pseudomonas .!i!. 
LlithODlonas !f. 
.Acet;lionu .!f. 
LophOlll.Onas !l!. 
(PseuaoMonas stutzer1) 
(PseudolllOnas diillinuta) 
16 
The above soh .. would require the alterat.ion of t.he present 
Tribe characteristics, according to Bergey et. &1., but appear8 to be 
_11 worth serious con8ideration. 
: I 
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CHAPTER V 
smtURY 
!he significant findings of this stuq are as tollows, 
1. A ,roup ot organisms showinc markedly similar lIOrpholou and 
pbysioloiY have been isolated froa various sources. 
2. This grou.p shows little bomo"eneity with respect to antibiotic 
sensitivity or antigenic apecitity. 
3. There is no concluslve evidence that these organislls are path.-
ogenic for man. 
4. Evidence is presented to show that these organisms should not 
be designated Alcaligenes, nor should they be clusif1ed in the 
tam~ Achromobact&rlceae. 
5. A new geuus, Lophomon.a (,en. nov.), is proposed tor the orgard..s 
described and. a !Ol'lluu. description of the genus ls presented. 
6. Lophomonas alcalienes illl proposed 8S the type species and. a 
type strain is designated. 
7. It is proposed that the genua LoeOlllonas be classified in tbe 
tully PHudomonadaceae. 
77 
CHAPTER VI 
BIBLlOORAPHY 
Altel'leier, W.A., 1945 Inactivat.ion of PenicU11n by Various Gr_ 
",at1ve Bacteria. Surge G~c. Obst.et. 81.379-)83. 
-
Altschuler, E. l904 Uber die Beziehungen dee Bacillu8 fecal is 
alk-)~nes zu den !yphubazillen. Hunchen. lied. 14clmecllr. 
~.8lI8 10. 
Archibald, R.G. 1918 Entarica in the Sudan. J. Trop. Med. lITg. 
2l. t 229-236. . 
-
Aabelow, W.I. and Mostova, R.S. 1931 Ueber die serolo,iechen 
Eigenechaften dee BacillWJ laecalis al~~enes. Zent.r. 
Bakt. Parasit.eDk., I Aht. Oag. Ift:3J'-14 • 
-
Baerthle1n" K. 1912 Ueber die Differentialdiagnose del' cho~r­
aahn1ichen Vibrionen. Berliner Klinieche Wchnsehr. 49.1$6-1$8. 
-
Jus1er" A. and Peters, A.G. 1949 Intestinal Bacteria, Pathogenic 
and Nonpathogenie. Rev. Gaetroenterol. 16,911-918. . 
-
Berp.u.e 190> Die Terwandtschattlichen Beziehungen niechen deJa 
Bacillus f .. calis alcal~ene. und den. f.yphuabac11lue. 
ifiilen18Cbe lilmaschau 1 : 761-764. 
-
BraD. H. and Cahn-Bronner. C.I. 1921 Ueber die ar.ynthetiechen 
Fahigke1ten pathogene%" Bakterien und 1hr biolo&!sches 
Verholten \Dl.ter einfachen Ernarun,sbedingungen. &entre Bakt. 
Paruitenk. 86.196-211. 
-
Breed. R.S •• Murray, E.G.D." and Hitchens" A.,o 1948 Bergel'. 
Manual of Determinat1Te Bacterioloil 6th Ed., 1;iUn'.e and 
wmha Co., BaliLiore, ga. 
Carrol, G." Allen, H.N. and nynn" H. 1949 AureOtqein= A Clinical 
and Laboratory Study of its Effect in Urina.ry Infections. 
J. Urol. 62rS74-SBO. 
-
78 
Cutellard, A. 1917 Notr.a on Tropical. Diseasea ;-let with 1n t.he 
Balcan10 and Adriatic Zone.. J. Trop. !<{ed. H7,. 20 1161-186. 
-
c.nestel'JI F.D. 1897 Ann. Rept. ;)e. Col. A"r. iXperiJrlent. S't;atioa 
t.71, 89. 
Christensen, W • .8. 1946 Urea Decompoeit1on aa a t'1eane ot Di.t'terentia-
tiDe Proteus and Paracolon Cultures !rca each other and troa 
klaonetta and Slliie11a t.ypes. J. iulet. 21 • .&.61-466. 
Cott87, G.L., Schwab, J.l... and !hrl1eh, J. 1950 Ia Vitro St.udies of 
Jacterial ieai.tance t.o ChlorpPhftn1ool. J. W. D1a. 87.142-148. 
-
COlIn, i • .1. 1942& The Validity of t.he Genua Alea11,8nea. J. EJact. 
l!!,lSJ-J60. 
Conn, 1 • .1. 1942b Difficulti •• in 08t1ninj \-he Genu -¥e!~!&!!!s. 
J. Ban. 441121. 
-
Corm, H • .1 •• Wolte, G.E., and Ford, M. 1940 The TaxOlla1c Relation-
shipe of Al0i¥t!!!S!i. \0 Certain SOU Sapropqt.ea a..1'd Plant. 
Parasites. • riCi • .!t1207-226. 
Conradi, H. 1905 T)'PhusbaBUlus und iiacillu,8 fa.calia aleaHlen ••• 
M\lDChen. Md. lJcbnschr. 2!11827 .. 1S~8. 
Doebert., A,. 190) Ale verYandtscb&ttJ.iohen Beziehungen aiscben d_ 
Bacl Uua faecal is alkall£en.. und den Tn>huabazUlua. 
Arch. f. iGi. H.70-B§. 
Dudg8on, L.S. 1926 A Stu.dy of the Irl1;est.inal Flora IJndAtr NoJ'flllll 
a4 Abno;rw Conditione. J. Hn. !i.119-W. 
Ferr,., li.S. and n1., B.C. 1916 Stu.d1e~ Relative to the Apparent 
Close Reiat.loD8h1p Bet.ween Bacteriwa ~rtue.i. and Bacillus 
brolKlhiseptictla. II. Coaplement ,Ii.t Oft TCllSt:.. J. iaiC 
J:m-n£ 
-
Foret, Wef:. 1903 The Claur.1ficat1on and Jiatribut.ioD 01 t.ile In-
t..t.inal bacteria itt !(an. l'iont.real Ro;ral Victoria Heap., 
Studi8a. 111-9$ 
F.ruton, J.S. and. SiIuoDda, S. 19$) 2eneral B1och!!9!t!7. Jolm 
wll.,. and Son., Inc. 1~.'W York. 
Fulton, lieD. 1949 Personal Cos.'llunicat,lon 
80 
Pulton, McD., Lankford, C.E. and Chilton,.M. 1946 Effect. of 
Penic1llirl on Growth of 'uCalii6J188 fecali8. Soienee 10,)1)61-)62. 
Grq, P.H.H. and Thornton, H.G. 1928 Soil Bacteria that. Decompose 
Certain Aromatic Compounds. Zentr. Bakt.. .Parasit.enk., II Abt.. 
1!174-96. 
Gunther, It.A. 1894 Ueber einen neuen 1m Erboden ge!undenen KQIII1la-
bacillua. Zentr. Bakt. Parasitenk. 16,746-747. 
-
.. , A. 1910 1st. der Bacillus faeealis alkalifines .fur den 
Menchen pathogen? Munerien.med. Wehii.obi'. .239 ... 240. 
Henriei, A.f. 19)9 The Bioloq of Bacteria, 2nd Ed. D.C. Heath 
and Co. New.Yo~ -
Hillenbare, M. and Bierott.e 1910 Musenerkrankungen an sogenannter 
Fleischverg1£tung in Braunahain und Umgegend. ilygieniacbe 
Bundecbau. 20 11209-1212. 
-
Hirst, L.l. 1917 Observations on the Pathogenicity and Specific 
Characters ot the Bacillus faecalia all:calil.ne~. Royal A.rrq 
Ked. Corps. J. !2:sL7&481. 
Born, A.. ancl Huber, E. 1911 Ein Bei trai lur Bakterienflora des 
DarJu. ie.under erwachsener Rinder, etc. Zentr. Sakt. Parasitenk. 
I Abt.. 6l.4S 2-481. 
-
Hugh, R.A. 19$3 Genus Alcal!ienes and Related Organi", Ph.D. 
Di •• rtation, Loyola UnIversIty" Chicago" n1. 
Bugh" R.A. and LeUson, E. 19$) The Taxonomic Significance of 
Fermentative Versua Oxidative Metaboliaa ot Carbohydrates b.J 
Varioua Gram Negative Bacteria. J. Bact. 66:24-26. 
-
Hunter. C.A. and Crecelius" B.G. 1938 Hydrogen Sulphide Studies. 
I. Detect.ion of Hydrogen Sulphide in Cultures. J. Bact. }! 1185-196. 
JOrnB" A. 1906 trber Bakterienkatalaae. Arch. f. Hyg. 67.1)4-162. 
-
Ituhnemann, G. 1911 Zur Ident1fizienmg de. Bacillus faecal is I 
alcaligenes. Zentr. Bakt. Parasitenk., I Abi. brIg. 21di69-471. Ii, 
I 
~ 
li,\ 
81 
Lebunn, K.D. and Neuunn, R. 1899-1927 Atlas und Gru.ndriss dar 
Bakteriolfie und Lehrbuch der 8j2!ciaUen bakterio'io~!8Cb.eU 
lH;r.oBt • JJ. Gbmann, MUnchen. 2nd Ed., 1899. th Ed. 
19 • 
Leifson, E. 1935 New Culture Media Based on SodiUDl Deao:Q"cllolat.e 
for the Isolation of Intest.inal Pathogens and for the Enumeration 
ot Colon SaoUli in Milk an:! Water. J. Path. Bact. !Q..S8l-S99. 
LeUson, E. 1942 BactenolOK; Paul B. Roeber, Inc... Medical Book 
Departnlent of Darper Bro rs, New 'York. 
1811'son, E. 19S1Staining, Shape and Arrangeaent of Bacterial 
Flagella. J. Bact. 62,371-)89. 
-
LaUson, E. 1953 Personal COllWlunicat.ion 
Leilson, E. 1955 Personal Col'lllll.illication 
Leitson, E. and Hugh, R.A. 1953 Variation in Shape and Arrangement 
of Bacterial Flagella. J. Bact. 65:263-271. 
-
LeUson, B. IIld Huch, R.A. 19S4 A New Type of Polar Monotriohous 
Flagellation. J. Gen. Hicrobiol. 10.66-10. 
-
Migula, W. 1900 5Zstem ~ Ba.kterien. Zweiter Band. GU8taT Fischer 
Jena. 
Moniaa, B.L. 1928 Classification of Bacteri'WI al.~enes .. El!-
!J!U!'!l and ~oure8cen8. J. Int. Dis. QaJ - • 
Mudd, S. md Warren, S. 1923 A Readily CultiTable .brio, ruter-
Through Berkteld "vn Candles.. Vibrio p!rcolans' ( sp. :noT.) 
J. Bact. Bah47-4S8. 
-
Nyberg, C. 1935 Bacillus faecal is alcal!ienea P.truac~. Zentr. 
Bakt. Parasitenk. ll3,44J:449. 
-
Petruae~, J. 1889 Bakterio-chemische Untersuchungen. Zentr. 
Bakt. Parasitenk. 6.6)1-663. 
-
PetruHhlty, J. 1896 Bacillus faecali. alkal!Jenea (n.ep.) Zenv. 
Bakt. Parasitenk., tAU. Bt1S7-191. 
-
62 
Poll.aok, R. 1912 Ueber ribrionenabnliche Forsaen des B. faecalls 
alcaliiene.. Berliner. Klinische iipchenschr. !2t39'fi{5tS. 
Ridder, A. 1909 .Beitrag zur Frage der Aeti010gie der neischver-
giftun,en. Berliner. nine 1l~chenschr. ~ .2232-22)4. 
-
Jqti. E. 19)0 Zur Fraga der Beze1cbnung Bacillus faecalis alCal~ene. 
(.t>etruschlq). Zent.r. Bakt. Parasitenk •• I Abt. Orig. llSa17\:118. 
Sever1, R. 1949 Bull' esist.enza di una speci "Vibrio alcaligenes8 
(Lehmann and Neumann, 1927) differenziablle dana specia 
-Alcaligenes faecal1." (Petruschky, 1896). BoUettino dell 
Istituto greroteraplco Milanese 28:290-2.94. 
-
Sloboziano, H. et Nuto, M. 19.31 Peritonite Foetale a Bacillus 
:fecalis a!caligenes.. Compt. Rend. Soc. de Biol. 107 & S:sr::SS 2. 
Spray. B.S. and Hawk, 1.L. 19.34 Cerebrospinal Men1ngitisl A Case 
Report with Unusual Bacteriological Findings. West Virginia 
Mod. J. 2Q:S64-S6S. 
Stitzer, 1922 Die Darnaflora bei Cholera. Zentr. Balet. Paraait.enk. 
I Abt. Re:ferat.e 741.31. 
-
Strecker, J. 1911 untersuchungen uber Bacteriwa ~enes L Wld N 
(Bacillus faecalis a1caliienes Petru5chki).ai Diss-
ertation, My. 01 wurz'burg. 
Stuart, C.A.., van Stratum, E. and Rustigian, R. 1945 Further 
Studies on Urease f'roduction by Proteus and Related Organisms. 
J. Baot.. 49.4.37-444. 
-
SJa,ers, H. and. Wilson, W.J. 1908 Aiglutination of Bacilli o:f the 
Alkaligenes* Colon and Typhoid Groups by the Blood Serwa of 
Cases of Cerebrospinal FeTer. J. Byg. 8,».4-321.. 
-
Sst.urm, S. and Bourbon, D. 1948 Bacterium alCa~ene8 fecali. et 
Hemophilus bronchiaepticus, Ciiai=act.ere8 :"lorIo~iques et 
!iochem1ques. Ann. de ltlnstitut Pasteur. lia65-66. 
rink, t. 1952 Zur Dif:ferenzierung der Bakt.erien der Alkaligenes-
Gruppe. I fUttellung. l"iorphologie und l'hysiologie. Zeitchr. 
f. Hy,. 1.34:300-3.30. 
-
, 
I 
83 
Hrck, L. 19$2b Zur Ditterenzierung der Bakterien der Alk~nes 
Gruppe. II Mitteilung Serologie. Zeitschr. t. Hyg. ~131-349. 
Webster, R. 1 ~l9 Blood Culture in SUlIllller Diarrhoea. 14ed. J. Australia 
11460-462-
-
Weldin, J.C. 1927 The Colon-typhoid Group at Bacteria and Related 
Forma. Relationships and Classification. Iowa State College 
J. Science. 11121-197. 
-
ZoBell, C .E. and Fe1tha, C.B. 19.34 A CO.llparison of Lead, Bismuth 
and IroLl as ..;)etectors of Hydrogen Sulfide :?rodueed by Bacteria. 
J. Bact. ~:169-176. 
APffiOVAL SHEET 
The dissertation subndtted by Thomas P. Galarneault haa 
been read and approved by ti Te members ot the taoul V ot the Graduate 
School ot IQyola University. 
The tinal copies have been ex"mined by the director of the 
dissertation and the signature which appeue below verities the tact 
that &l17 necessary changes have been incorporated, and. that. the 
diesertation ie now given final approval with referenee to content, 
fo1'lll ~d mechanical aC'lUracy. 
The dissertation i8 there tore accepted in partial fulfillment 
ot the requir_ente tor the Degree of Doctor of PhUoeoPb7. 
Signature of Adviser 
